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The Mioe Rescue Apparatus Research Committee, whose First Report was pub- 
lished in 1913, was appointed by the Advisory Council for Scientific and Industrial 
Research, on the suggestion of the Home Office, in 1917, and consists of; — 

Mr. William Wallcer, C.B.E 
Mr. Henry Briggs, O.B.E., 
Mr. Jc^ Haldane, M.D., LL.D., F.R.S. 

Dr. Briggs, as heretofore, has continued to direct the enpariniental work of the 
Reeeardi at the Heriot-Watt College, where facilitiea are proTid«d by the kindness 
of the Governors of the Heriot Trust. 

¥ith the concurrence of the 



Department of Scientific and Industrial Research, 

16 and 18, Otd Queen Street, Westminster, S.W.I. 
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To THI AOTIiOBT COUKOIL TO THB COMMITTBB OF THB FbiVT CouNOU. VOR 

SoiitiraiFio AMD Industrial Rbsraroh. 
Gbntlbuen, 

We beg to sabout our Second Report. It relates chiefly to experimental resulits 
obtained io Edinburgh during the last two jears, and to tile description of new 
or improved methods and apparatus which arc the outcome of the investigation.. 

By the terms of referenoo we are required to state whether we deem it advisable 
that the types of mine rescue apparatus should be standardised. We do not think 
that standardisation, in t^e eenee of a prescribed uniformity of construction, is 
to be recommended in this instance. We prefer tiiat the field for invention and 
enquiry should be left open rather than be circumscribed by a hard-and-fast 
Epeoification. On the other hand (aa we stated in the First Report), we hold that 
every typo of breathing apparatus intended for use in mines should be tested 
very tiioroughly before being officially approved for that purpose, and we consider 
that the manner of testing should be standardised. Building upon the general 
requirements of such apparatus, a« set forth in our previous H«port, we have 
drawn up a scheme of examiiuation whioh we think could with advantage be 
adopted for testing an apparatus. The American Bureau of Mines has recently 
formulated a somewhat similar scheme of examination ; we are indebted to tbe 
Director for kindly providing a copy of that document, which has been useful to 
us in drafting our own scheme. It is interesting that in respect of these apparatus 
the two countries should be progressing on lines so closely alike. 

.The requirements of our First Report (pp. 14 to 17) are very comprehensive. 
To avoid the criticism that our recommendations amount to a oonnsel of perfection, 
and also to carry out in the fullest sense that part of* the terms of reference 
which gives as the task of determining by experiment what improvements in 
apparatus are possible, it became incumbent upon us to prove that it was 
feasible to devise a compressed-oxygen rescue apparatus complying with those 
requirements; the construction of such an apparatus was, therefore, given the 
leading place in tJie progTomme of work for the present finaociali year. In this 
Report we include, in Appendix I, drawings and a description of the compressed 
oxygen apparatus designed by Dr. Briggs, and an account of the' tests to which 
the first model has been subjected. No claim of finality is made on behalf of this 
apparatus; it embodies several points of design in existing apparatus and will 
itself doubtless be improved in the light of further experience. 

Down to ttie time of writing we have given much less attention to liquid air 
rescue apparatus than to those depending on compressed oxygen, Thfere are two 
reasons for postponing work on the former type: first, as conditions, now stand, 
there are over seventeen times as many compressed oxygen as liquid air apparatus 
in use in tiis country, and the type in greater vogue must naturally take prece- 
dence; secondly, our suggeetion that a separate research committee be set uji to 
investigate the problems of the supply and transport of liquid and gaseous oxygen 
wae adopted by you, with the result that the Oxygen Research Oommitt*^' was 
eatablidied in 1D18, first under the auspices of the War Priorities ConWhittee 



and now . nnder the Department of Scientific and InduBirial Research — which 
RoBBarch Committee is actively tnnsidering manj questions bearing on the 
utilisation of liquefied air and oxygen. As so much 'of the wwk of the 
Oxjgen Research Committee, and of the War Office and Air Ministry, on the 
subject of liquid air is bound to be of the greatest value to us, we deemed 
it politic to allow these mcn« general inveatigations time to mature befora 
attempting to experiment systematica I Ij on the narrower problem of liquid air 
rescue apparatus. Experience has, however, shown that, apart from certain diffi- 
culties of transport, this type of apparatus can be made thoroughly serviceable, 
and we propose to devote further attention to it in the near future. 

The present Report consists of four parte. In the first of these the phyeiologioal 
side of the subject is discussed more completely than hiUierto, and an abbreviated 
account is included of some important new physiological facts which were disoovered 
in the course of the experiments. In Parte II-IV we deal mainly with matters 
alluded to in the First Roport, the need having arisen, as the result of special 
experience or experiment, of re-treating or enlarging upon certiin aspecte 
of the inquiry. Appendix II, by Dr. Briggs, describes a method of 
measuring physical fitness which evolved, during 1918, from teste on trained 
rescue men in Edinburgh. A Physical Test Station was established in Edinburgh 
to apply this method in testing the physical capabilities of recruits and others 
sent in from Army Unite stationed in that military area. The Test Station was 
in the University buildings, aifd had a small military staff under Dr. Briggs' 
superintendence ; it commenced operations in August, 1918, and ceased ite active 
life at the Armistice, in November. Although an outcome of the research on 
Mine Rescue Apparatus, an exhaustive account of the experimente on physical 
exertion and of the work of the Test Station would be out of place in such a 
Report as this; with your permission, it is, therefore, proposed that Dr. Briggs 
should immediately prepare a paper for the Royal Society of Edinburgh in whicl) 
to treat of the matter more completely. A short preliminary paper by Dr. Briggs, 
entitled " Fitness and BraatihiDg during Exertion," wae read before the Pbysio- 
logioal Society in July, 1919. 

In the autumn of 1918, Lieut. -Colonel Rapu-, of tlie Anti-Gas Department, 
Ministry of Munitions, proposed that there ^ould be a cloaer connection between 
his Department and the research, and offered to appoint Tjieutenant Roaling aa 
liaison officer. We cordially weloomed that proposal, and take thia opportunity 
of thanking the Anti-Gas Department for Lieutenant Rosling's services, which 
have been of decided value to us since he was transferred to Eidinbui^h. We refer 
again, on a later page, to the connection between the two investigations. 

Miss Elizabeth Gilchrist, M.A., B.So., and Mr. David Penman, B.Sc., who 
assisted Dr. Briggs since July, 1917, have recently accepted other poate; the former 
aa Carn^e Hesearch Fellow in the University of Edinburgh and the latter as 
Lecturer in Mining in the St. Helen's Technical Institute, We are sorry to lose 
the help of th«se expert assistants, who gave two years of loyal work to the research. 
In September, 1918, Mr. Penman read an excellent digeet of the First Report 
before' the Institution of Mining Engineers, and the ensuing discussion was of 
much value. 

Mr. F. J. McConnell ha^ been elected in Mr. Penman's place. 

We are also sorry t« lose the valuable servicer of Mr. A. Richardson, who haa 
been appointed Principal of the School of Metalliferous Mining, Ctn'nwaill. Mr. E. 
Barnard takes Mr. Richardson's poet aa Secretary to the Committee. 

We are indebted to Mr. Jamce A. Hood, Mr. Mungo Mackay, and other officials 
of the Lothian Coal Company for their kindly hdp in carrying out underground 
rupirstion experiments, and to a large number of mine and reeone station officials, 
miners, army officers and men who so willingly acted as subjects in tests which were 
often of an exacting description. 

We have again to record our appreciation of the valuable assistanoe rendAed 
the Governors of George Heriot's Trust in granting facilities for the research 
the Heriot-Watt College, Edinburgh. 



PAST I. 

PHYSIOLOGICAL CONSIDERATIONS AND EXPERIMENTS. 

Pbjsiologj stands in much the same relation to breathing apparatus as phj'sics 
does to the steam engine; and a condensed statement of the phjviolog; of breathing 
and its accompanying effects and rsoctionB ie, we think, as necessary here as the 
treatment of thermodynamics in a modern book on st«ajn. Several of the d«feci8 
of existing rescue apparatus alluded to in our First Report are due to a disregard, 
or false af^reciation, of certain physiological laws, which, when thoroughly grasped, 
are capable of materially assisting the designer of such apparatus. 

The ventilation of the lungs by breathing has a dual purpose; it supplies oxygen 
to the blood and removee excess of carbon dioxide from it. The blood, in its turn, 
carries osygen to all parts of the sjBtem, and conveys back to the lungs the carbon 
dioxide, which is the chief (though not the only) waste product of that breaking- 
down of tissue which goes on as long as life lasts. The muscular contractions, which 
enable us to do external work in giving potential or kinetic energy to ourselves 
or to some separate body, involve an increase in tissue destruction, which results in a, 
demand for a more energetic clearance of the CO, produced and for an enhanced 
oxygen intake. TJnlees the exertion is excessive or the oxygen supply inadequate — 
cases which are separately considered below — the demand is fully met by the lungs 
of a healthy person in increased breathing and by the heart in increased blood- 
circutatioD. 

Honttftl BasplratOry Ooatrol. — The spongy distensible organs we call the lungs 
consist of a branching qistem of tubes (bronchi) ending in air sacs (alveoli) which 
are surrounded by a cellular membrane (epitheJiom). Breathing causes an alter- 
nating flow of air in the brondii and so ventilatee Hie air saca; on inspiration, 
oxygen is carried into tiiem ; on expiration, carbon dioxide is carried out. The 
epithelium separates the air in the alveoli and the blood which courses in countless 
capillaries on the inner side of that membrane. The gaseous exchange — oxygen 
to the blood and CO, froAi it — is thus conducted through the epithelium. 

Haldane and Priestley' showed that, in normal conditions near sea-level and with 
the subject at rest, the respiration is so adjusted as to keep constant the CO, 
percentage in the alveolar air at a figure which varies with different individuals, 
but which averages 5-6 for men. 

It ie important to realise the fact that under normal conditions, when resting, 
the factor controlling breathing is the concentration of CO, in the blood. The 
part of the brain known as the " respiratory centre,'' which directs the movementii 
of th6 lungs, receives its incentive from the CO,-Batu ration of the blood passing 
through it, and it controls matters (with an almost inconceivably delicate degree 
of regulation) so as to maintain that saturation at a constant level. If the blood 
should become over-concentrated in CO,, enhanced breathing /hyparpncea) results, 
and continues until the excess is removed ; if for any reason the degree of satura- 
tion is reduced below normal, there is a cessation of breathing (apncea) until the 
deficiency disappears. "The reepiratory centre must evidently be 'regarded as a 
very sensitive governor of the CO, pressure in its own substance, and indirectly 
in the arterial blood and alveolar air. We may compare its action to that of 
th« governor of an engine, if we may bear in mind IShat the respiratory centre 
governs CO, percentage, whereas the governor of the engine controls its rate of 
revolution."! 

The fact that 00,, and not oxygen, normally dominates the respiratory centre was 
strikingly illustrated in a famous experiment of Professor Yandell Henderson. 
He subjected an animal to prolonged artificial respiration, so as to swill out most 
of the CO, in solution in the blood. When the animal was left to itself', apnoea wns 
so profound that it died of want of oxygen before breathing recommenced. 



Extended' Btudj of this problem of breatbing cwntrol rereaJa thftt othar acid 
compounds as well as CO, are able to stimnlate ih« reapiration when introdaoed 
mto the blood — a principle to which we shall racur in diactming the maaning of 
certain experimental results. 

Nearlj all the carbon dioxide is conveyed hj the blood as unstable bi-carbonatea, 
and pasaes through the epithelium into the alveoli. The hnmoglobin (red pigment) 
is the main oxygen carrier of the blood. In small quantities both nitrogen and 
oxjgen are taken up in ordinary solution, but when breathing normal air at 
normal pressure, the amount of oxygen borne in this way is, as a source of supply, 
of little account. Hiemoglobin enters intc a definite, though unstable, chemical 
union with the oxygen, and it is as " oxyluemoglobin " that oxygen is mainly 
carried by the blood. If the active hcemoglobin is reduced in amount, say by 
breathing air containing carbon monoxide, collapse, loss of conscionsnees or death 
may ensue from oxygen starvation. 

XflectS Ol Breathing Air rich In Oxygon. — When a man wears a rescue apparatus 
the percentage of oxygen in the apparatus may easily rise over 90. The influence 
on his ability to undertake physical work when breathing air enriched to such a 
degree has been studied by ua with aome oare, and on a later page a short account 
is given of the reeulte obtained. Two other effects fall to be noted at this 
place: — The first of these is due to the high partial prenure* of oxygen in the 
air inhaled, which brings about an incrense in the proportion of oxygen carried 
in ordinary solution by the blood as distinct from that carried in chemical com- 
bination by the heemoglobin. The bearing of this effect in retarding the OOU' 
sequences of inhaling CO, and in explaining the efficacy of administering oxygen. 
to a person suffering from CO poisoning, has already been dealt with in the 
First Report, p. 16. 

Discharge of Hltrogen Irom the Blood. — The second is that, simultaneously with 
the taking up of oxygen in solution, there is a discharge, of nitrogen from the 
blood, since the partial pressure of nitrogen in the alveolar air is greatly reduced. 
Thus we have in the blood itself an additional source' of nitrogen. In the 
closed circuit of a rescue apparatus, the nitrogen so expelled remains in the 
apparatus unless voided through the relief valve. As blood-nitrogen is only 
discharged when the oxygen percentage is iucreaajng in the inhaled air, and as 
it is limited in volume, it does not oontribute in any way to the risks of using 
rescue apparatus. Indeed, providing that a start is made with the apparatus full 
of oxygen and that the further precautii^i is token of swilling it out now and then 
with the by-pass, the expulsion of the blood-nitrogen mokes slightly for safety ; for 
should the oxygen proportion in the inhaled air sink at any subsequent time, the 
blood will remove some of the accumulating nitrogen by re-s<dution. 

Fallacions Views SS to XflectS of Bieathlng Oxygen.— The entirely incorrect 
view that oxygen ie a "dope," and that 'Use breathing of highly enriched air 
results in a rapid burning up of the tissues accompanied by excitement and 
violent bursts of physical energy, or that it is followed by depression and 
lassitude, is still held by many people. We find the fallacy to persist even among 
rescue station instructors, and we cannot regard without mi^iving its infiuence 
on their method of using breathing apparatus. Purposely to retoin nitrogen in 
the bag in order to prevent the woarer getting " too much oxygen " is to run 
grave risks (aee First Report, pp. 20 and 26). One of the difficulties encountered 
in introducing oxygen apparatus for high- altitude aeroplane flying is the 
antipathy of many airmen to what they consider to be the drug-liko propartiea 
of the gas. It ought not to be necessary to state to those habitually using rescue 
apparatus that there is not the least evil effect or objection of any kind attending 
the breathing of pure or almost pure oxygen even for several hours, and that the 
alleged consequences referred to above are altogether fictitious. On the contrary, 
fatigue is appreciably lessened by oxygen inhalation as will be shown below. 

• Id sir oonlBtniiig 2l°l^ of oijgen, the partial premnte of th»t e*s ii 081 of -- -' 

>hereorltE)iniii. of tneroory. In air contuoing gy'^ tbc partiij pimanre u O'ttOof an ■•' 



It ia only when air ocoitaining over 80 per cent, oxygen ia breatbed con- 
tinnons)]' for over two days that evil effects make thomselvee felt. Professor 
Iiorrain Smith was the first to show that inflammation of the lungs may ho 
produced in animals if they are kept in such an atmosphere for at least two days. 

Transfareiifia ol Oxygen lioiii Uie Air to tba Blood. — We have yet to refer to 

the manner in which t^ oxygen rea<jiee the blood through the epmielium. Th« 
physical laws of diffusion do not explain the phenomena of blood-oxygenation 
when the subject is making a apecial demand ou oxygen supply either because 
he is doing physicAl work or becauge, as airmnn or mountaineer, be is breathing 
rarefied air. The results obtained in 1911 during a month's sojourn on the 
summit of Pike's Peak, Colorado, (14,000 ft.)' may usefully be mentioned. They 
made it clear ttiat the system is able to adapt itself to the lowered pressure, so 
that it can obtain, without distress, a sufficiency of oxygen. It was found that, 
to secure the Decenary supply, ttie pressure of oxygen in the arterial Mood rose 
higher than the partial pressure of oxygen in the atmosphere — a state of affairs 
which cannot be explained on the assumptirm that the oxygen input to the 
blood is altogether the result of gaseous diffusion. Though, admittedly standing 
now on controversial ground, the evidence strongly supports the view tiiat the 
epith^ium ia not a mere porous diaphragm, but tjiat the living cells from which 
it is built possess the faculty — which they exerciee at need — of secreting oxygen 
from the air and of handii^ it forward at enhanced pressure to the blood. There 
seems, indeed, little doubt tiiat ttiis attribute of teeretion can be developed or 
improved (especially in « young pM«on) by physical training or by adaptati<m to 
low oxygen preesare. 

Kftects ol Oxygan-want and CO,-exc«88 on Biaathlng,— It has been proved 
that, when a person is caused to breathe air containing several parts per cent, of 
CO,, an increase in the depth of breathing rsBulta, though the rate may remain 
constant until the CO, mounts up still higher. 

In considering tJie influraice of osygen-want care must be taken to distinguish 
between the effect of breathing air having a reduced oxygen percentage and that 
resulting from fatigue. A» will be shown below, respiratory fatigue produced, 
e.g., by respiring against resistance, creates a type of breathing which develops 
oxygen-want; at this point, however, we consider the simpler case in which the 
lack of oxygen is produced solely by deficiency i>f oxygen in l^e inspired air. 

When a man b^ns to breathe air poor in oxygen, the response of the respira- 
tory control differs according to the degree of oxygen-want. If the latter be 
slight, " periodic breathing " often sets in, this being characterised by the 
breathing becoming excessive and dying away in alternating succession. If the 
lacfc of oxygen be more pronounced, the breathing is fairly regular but more rapid, 
though much lees dsep than when it is stimulated by GO,. 

From the point of view of the user of breathing apparatus, it la enough to 
remember that excess of CO, induces deep and slow, and oxygen-want quick and 
rather shaUow, bi«athing. 

Shortage of oxygen takes effect much more quickly than 00, excess, since the 
body has practically no stontge capacity for oxygen while it has a great deal for 
carbon dioxide. 

Tha ESacti of Braathlng against BesUtanca.— In the First Report (p. 17) we 
referred to the causes and to the physical results of excessive resistance in the 
breathing circuit of a rescue apparatus, in regard both to the enhanced risk of 
leakage and to the discomfort of the wearer. We now propose to consider briefly 
the physiological effects of resistance. The subject has recently been investigated 
by Davies, Haldane and Priestley. t 

When a resistance to hreaUiing is thrown in, the first effect is that the breath- 
ing movemwits are slowed. As a consequence of iJiis CO, begins to accumulate to 

■ Fkgtieiogicai Obitrvatiimi made on Piit'i Ptat, Colorado, toilh tptdai tffemMi to adoftalun t» 
Low Baromtlne ProMurti, by C. Q. DonglM, J. S. Hslduie, Y. Hendemon, and E. O Sflhneidet, Phil. 
Tnni. voL 808, p. 186. 

t Jvum. lyrphynot., LII, 1>19. 
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•n abnoim&l extent in the lunga, and consequentlj in the arterial blood. A verj 
alight BccumulatioD, however, suffices to make the breathing more energetic and 
deeper, so that as much air is breathed as before, though the frequency of breathing 
is diminished and the depth oorreapoudingly increased. In this way moderate 
reaistancas are easily compensated for automatically, even during the greatly 
increased breathing which accompanies muscular exertion. 

When, however, the resistance is heavy, the excess of CO, which is required in 
th« lung air in order to stimulate the breathing sufficiently becomes very 
marked, and fi&aUy fatigue of the breathing begins to ehon itaelf through the 
fact that the breathing becomes more and more frequent and shallow. Wit^ the 
increasing shallowness the penetration of fresh air into tbe lungg becomes l< 
and less effective; and unless relief- comes aympUims of asphyxia develop. 

As might be expected, fatigue of breathing occurs much more readily during 
muscular exertion, when a large amount of air bas to be breathed, than during 
rest. In consequence of this fact continued muscular exertion may easily lie 
rendered impossible by undue resistance to breathing. It must also be borne in 
mind that when resdstance is due to tubes, valves, or passage of air througb 
coarsely divided material, the resistance increases as the square of tbe rate of 
air-flow. It is, therefore, the resistance to air-flow during muscular exertion that 
needs special attention in connection with mine rescue apparatus. This 
resistance ought to be so low that, even during prolonged exertion, symptoms of 
fatigue of breathing do not appear. There is no need bo try to aboli^ resistance 
entirely, but only such resistance as will materially hamper a man's power of 
making such exertions as he may be called on to make contijiuously while using 
a mine rescue apparatus. We think that the exertion of walking continuously 
at the rate of four railee per hour may be taken as a standard test in this respect. 

A man who is in poor physical training develops respiratory fatigue much more 
easily than a man in good training. This appears to be due largely to tlie fact 
that in the former, as shown in another section of this Report, the absorption of 
oxygen by the lungs during ex&rtion is less perfect, and that any shortage of 
oxygon in the blood precipitates respiratory fatiguo, as is proved in the paper 
first referred to. In the case of a man wearing a mine rescue apparatus and 
breatiiing nearly pure oxygen, this cause of respiratory fatigue is, however, 
annulled, so that with the same amount of work iJie man in poor training 
develops less respiratory fatigue when he ia wearing the apparatus than when 
he is breathing ordinary air. 

, In different individuals the susceptibility to respiratory fatigue from resistance 
varies considerably, some persona being able to stand much greater resistance than 
others. Some, indeed, appear to be quite exceptionally sensitive to resistance. 
For this reason it is impossible to state for all persons the amount of resistance 
which is harmful, though, at a later page (p. '22), we have suggested a figure (viz., 
3 ins. of water gauge under a constant rate of flow of 85 litres of air per minute) as 
the limiting resistance of a rescue apparatus circuit. With most people such a degree 
of resistance is not detrimental, and if, during the walking test with an apparatus 
complying with that specification, any man is found to be so sensitive that he 
shows signs of respiratory fatigue, we think that he ought not to be aocept«d aG 
a member of a rescue team. This criterion would automatically exclude many 

—The requirements and limitations of what is often called 
e of such importance bo those dealing with rescue apparatus 
that it becomes aa necessary to study the man in his character of prime mover or 
agent for doing mechanical work as to study the apparatus itsellf, and we have 
devoted oonaiderable time to this aspect of the subject. 

Oxygen Supply to Huscles at Worfa. — The all-important question of oxygen 
supply to the tissues is controlled by two factors, namely, the rate at which the 
gas con be absorbed by the blood in the lungs and the rate at which i£e oxygenated 
blood can be delivered to the muscles doing work. The supply can only be effectual 
when the lungs and heart act in accord, for the failure of either adequately to 

'let the demands of the moment may render nugatory the fullest effort on the 
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part of the other. For example, the breathing of an eifaauated athJete, though 
it ma; b« 15 or 18-fold that of his resting condition, does not of itself euffioo to 
enable him to continue his exertion in face of inadequate circulation. Here th« 
circulatory, and not merelj the respiratory, system is at fault. 

Instances of the opposite kind, namely, those in which distress is produced by 
the rat© of oxygenation of the blood failing to ke«p pace with muscular demands 
though the circulation may be adequate, are of great practical interest. They 
include the case of the poison-gas patient (where the epithelial layer cf the lungs 
is so thickened as to make oxygea-penetration difficult), thn case of the high-flying 
airman (when the low barometric pressure and correspondingly low partial pressure 
tff the atmoepherio oxygen prevent proper oxygenation of the blood), and that of 
the so-called D.A.H. patient, where the extreme shallowness of breathing impairs 
the transfer of oxygen to the blood by insufficient exposure of epithelial area to 
the indrawn air. In the cases enumerated the inhalation of highly enriched air 
is immediately beneficial, and the means cf administering it under a variety 
of conditions has been dnring the war, and still is, the subject of active «tudy. 

Tatigue> — The causes oC the fatigue which results from heavy muscular exertion 
have not yet been fully analysed; but the experiments of Dr. Briggs, to be 
described presently, throw a very important new light upon them. During heavy 
muscular work the consumption of oxygen and production of CO, by the whole 
body are increaset^ about ten times or even more. In the working muscles there 
must be a far greater proportional increase in consumption. TUK increase can 
only be obtained by an enormous increase in the circulation of blood through the 
muscles; and it is clear that, if an increased circulation cannot be brought about, 
the mUBclee themselves must fail from want of oxygen. Now it is known that when 
niusclca are insuf&ciently supplied with oxygon they produce, and give ofi to the 
blood, lactic acid instead of CO,. With a very excessive muscular exertion, such 
as running quickly upstairs, the circulation is completely inadequate to meet the 
oxygen-requirenienta of the over-taxed muBcles; and it has been shown experi- 
mentally that the blood is at once flooded with lactic acid. This acid acts just 
like GO, on the respiratory centre, but, unlike CO,, is not rapidly removed from 
the blood by the lungs. As a consequence, intolerable panting is produced, and 
the exertion is brought to a speedy end, partly by the ensuing distress, partly by 
failure of the muscles, and partly also by the general action of the abnormal 
blood in paralysing the central nervous system and thus .causing stupefaction or 
even loss of consciousness. 

With more moderate exertion the blood-supply to the muscles can be properly 
maintained, so that little or no lactic acid passes into the blood. Tet fatigue may 
develop rapidly, the most prominent symptom being distress as regards breathing 
It is on this form of fatigue that, aa will be seen below, the new experiments 
throw a flood of clear tight, 

ITatnre Ol PbyBical Work. — Every-day experience assures one that a muscular 
task is eiibier when one is in good condition. It is equally certain tliat even a 
light task, involving externa] work, though easy to commence with, cannot be 
continued indefinitely without pause, and that the heavier the labour the shorter 
the time it can be sustained. NeverthelesB, there are certain lesser degrees of 
exertion (for instance, cycling or walking at a moderate pace on a flat road) which, 
by the ease with which they can be kept up for hours on end, may be referred to, 
in electrical engineers' phrase<^ogy, as " normal loads "; while other and heavier 
tasks (for examine, hard bayonet exercise or running quickly upstairs) are bearable 
for a limited period only, so that " overload " may permissibly be applied to them. 

What may be an overload to one person is a normal load to another who Is 
stronger or in better training or more habituated to the particular kind of labour. 
Again, a normal load when a person is fit may prove to be an overload when he is 
unfit; and, as has been remarked, even an easy, normal load, if long supported 
without rest, will eventually become an overload, and then the exertion has to' be 
interrupted. It is evident, then, that the whereahouta of the dividing lino between 



a nomiBl and overlowl for any individaal depAnda on hi* ooudition at tite time ; if 
he ia getting tired, it ia moving down the acale of exertion^ if resting, it is 
moving np. 

KSteta of Breatblng Xnilelied Air.— ^It ie well known that when air enriched 
with pure oxjgen is breathed by a nonnal individual daring rEst there is no 
uoticeablfl effeot. When, however, a rescue apparatiu is being naed, the wearec 
ia often doing prettj hard |AyBical work. The effects of the extra oxygen during 
exertion have been carefully observed by Dr. Briggs in the course of the investiga- 
tion, and the results throw a quite new light on fatigue. 

It had often been observed before that some persons using a rescue apparatus 
derive great benefit daring exertion from the enriched air. For instance, they 
can walk faster and more comfortably, in spite of the weight of the apparatus. 
This advantage is very marked in the cbsq of two of us who have frequently 
experimented with rescue i^paratus of eviory type. When, however, the enridted 
air was tested on practical miners, it wa* found that they seemed to derive little 
or no benefit from it. Their breathing was then investigated more closely, the 
expired air being collected in bags, measured and analysed. The very striking 
fact then appeared that, when ordinary aic is breathed, the expired air of miners 
or other men in equally good physical training contains, during exertion, a much 
higher percentage of GO, and lower percentage of oxygen than that of men who are 
not in good training. In other words, Icbb air is breathed by mes in good training 
for a given consumption of oxygen or amount of work. There is, however, little 
or no differenoe in this respect when enriched air is breathed, unless the work is 
pushed to an extreme point. On the other hand, with men not in good training 
the perceintage of GO, in the expired air beoomee as high during exertion as is 
the men in training, so that the amount of air breatiied for a given rate of work 
is considerably less with enriched air than with ordinary air.* The following 
Table, showing the results for two typical individuals, illustrates these points : — 
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How is the effect of enriched air on persons not in good training brought about, 
and why do those in good training respond so little to the enriched air? The 
answer to this question appears to be a very definite one. Recent investigations 
have shown that, during rest under normal conditions, the haemoglobin of the blood 
passing through the lungs has time to take up by the mere physical process of 
diffusion all the oxygen it is capable of taking up. When, however, during muscular 



* It was fonnd by experiment that, even with the least fii 
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«xertion, & far l&rger amoant of oxygen has to be taken, there is not time for tbe 
haemoglobin to beoome fully saturated by diffusion alone li ordinary air ia breaUud, 
and, unless the epithelium lining the alveoli actively paases oxygen inwards, tJie 
arterial blood is imperfectly saturated with oxygen, and this makes the breathing 
faster and t«nds, as already mentioned, to exhaust the breathing powers. But the 
activity of the epithelium can be increased by practice. Hence, in men who are 
accustomed to muscular exertion, there is no deficiency of oxygen in the arterial 
blood when ordinary air is breathed until exertion is pushed to the utmost. For 
this reason they also receive no benefit from breathing air enriched with oxygen. 
On the other hand, in men who are not accustomjed to mUBcuIar exertion, the 
epithelium fails to pass in the proper supply of oxygen unless ^e diffusion 
pressure of oxygen ia raised in tbo alveolar air by the euriohed inspired air. Henoe 
theee persons benefit by enrichment of the air with oxygen. 

It would be out of place to attempt to discuss here all the evidence which supports 
this interpretation of the new facts described above; but in tihe present state of 
knowledge, no other interpretation seems at all probable. To produce the beneficial 
eflect« of the enriched air, it is not at all ueoessary that pure oxygeu dionld be 
breatiied. All that appears to be needed is air containing a considerably hi^ier 
ptercentage of oxygen than ordinary air. It has often been <^>s«^ed by engineers 
that men work in compressed air (in caissons and in tunnels under water during 
construction) more easily than in ordinary air. In this case also the diffusion 
pressure of oxygen in the lung alveoli is increased by the oompression. An investi- 
gation of their breathing would reveal the same phenomena as in the case of men 
using mine-rescue apparatus. 

It is evident that the physiological response of a man to oxygen during muscular 
exertion furnishes an interesting test of whether or not he is in good training as 
regards his lungs. Physiological fitness depends not only on the lungs, but also 
on ready adaptation of the circulation, muscles, nervous system, Ac., to whatever 
exertions are required. It is possible, therefore, that a man might be in a " fit" 
state as regards his lungs, but not fit otherwise. A stay at a high altitude, where 
the reserve power of the lungs is called upon even during rest, might, for instance, 
produce this condition. In ordinary cases, however, lung fitness is an accompaniment 
of general physical fitness, and may therefore be taken as a measure of it. Dr. 
Briggs has applied the new facts as the basis of a metltod of testing phyaioal 
fitness; and this method was used during some months for Army purposes, as already 
mentioned. The same method is, of course, also applicable for Hm testing of 
members of a rescue brigade. A description of how this method can be carried out 
is therefore given in A^endix II. 

Climbing, Walking and Bnimliig Tests. — (1) Climbing Tests at Newbattle and 
TAngencood. — The first climbing experiments of this kind were made by Drs. 
Haldane and Briggs in November, 1917, in the Newbattle and Lingerwood pits of 
the Lothian Coal Co., Ltd., and their purpose was solely to determine the oxygen 
consumption while climbing mine iodines of different gradients, and while breathiiig 
ordinary air. To make the results more useful for rescue apparatus purposes, 
the subjects of the tests carried rescue apparatus in addition to tbe Douglas outfit 
(see Appendix II). The air of the roadway was in each case inhaled, the exhaled 
products being discharged ov«r a timed period into the Douglas bag, whi<^ was 
carried on the chest. The volume of the bag was metered on the spot and samples 
of the air taken. Some of the samples were analysed by means of a Haldane 
apparatus fitted up in a pump-room underground, while others were dealt with in 
Dr. Briggs' laboratery. The experiments should be regarded as preliminary to 
the Burdiehouse t«8t« described below. The table on p. 30, First R«port, gave a 
summary of these results. 

(2) Clinibing Tests at Stirdiehouse. — During the early part of 1918, a number of 
experiments were mode on men climbing the main incline of tlie Bnrdiehouse lime- 
stene mine, both while breathing air and while breathing oxygen. Hie earlier 
tests, alluded te above, had shown the desirability of limiting the variables. This' 
could be done either by taking one subject on a number of gradients, or by taking 
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a number of subjects on one incHuo, and the latter alternative waa choeen as being 
likely to give more information. The Burdiehouae incline lies at the uniform slope 
nf 21°. The roof ia high, so that there waa no occasion to itoop, and the floor, 
while drj for the most part, was, at the time {if the testa, vet and slippery in 
places. On the whole, the " going " may be taken as a fair average of that in a 
mine roadwaj of heavj gradient. 

Including, as it did, oxygen cylinders, meters, bellows, rescue apparatus, Douglas 
outfit, gas analyaia apparatus, sample bottles, mercury, Ac., a considerable equip- 
ment had to be carried by motor-car to the mine and then into the road. The 
physical difficulties involved made rapid work impossible, and we had to be satisfied 
with a comparatively few determinations for each subject. tTsSially values were 
obtained at dve rates of speed, both when breathing air and when breathing 
Mygen. 

During the Burdiehouse climbing tests the manner of use of the Douglae bag 
differed from the usual in that the bag was made the reservoir out of which 
the man drew air or oxygen during the timed period, instead of being the 
receptacle for expired air. At the commencement of a test this bag was inflated 
with a measured volume of air or oxygen. In the case of air a lai^e doable- 
acting smoko-hclmet bellowe was used to supply the air, while in that of oxygen 
the gas wBB admitted, through a dry meter, from a small cylinder. The expired 
air or oxygen was made to pass into a Proto bag hung in tront, over the rescue 
apparatus bag, and fitted with an automatic relief valve. 

When breathing air, the subject walked et the desired rate up the incline 
(which was marked-oS in chains and poles) until it was judged that his respirs' 
tion had adjusted itself to the degree of exertion; the 3-way tap waa Uiop 
turned and air drawn from the Douglas bag until that bag was almost fiat, 
when the tap was turned oS and the mouthpiece at once removed so as to consen'f 
the expired products collected in the Proto bag. Samples were then drawn from 
the latter, and the volume of air remaining in the Douglas bag was measured. 

Before any values were obtained on oxygen, the subject was required to use the 
rescue apparatus for some time in order to wash out the bulk of the free nitrogen 
dissolved in the blood and tissues. During this period the nitrogen was expelled 
from the rescue apparatus by using the by-pass from time to time. He was then 
not permitted to breathe air again until the whole of the oxygen series was 
oomplet«d ; during spells of rest, and during the first part of a climb while the 
respiration was aocelerative, he used Uie reecue apparatus. On switt^ing on 
to the -Douglas bag he rapidly changed mouthpieces, an operation which was 
repeated the moment the exertion was stopped. 

All dtstances are recorded on the incline and not on the fiat. The external 
work performed per minute was evaluated in ft. Ibe. by multiplying the groa 
weight in lbs. (man phia apparatus oarried) by the rise in feet per minute. 

The weight carried was the same, within a pound or two, for every subject, and 
averaged 43 lbs. 

(3) Walking and Running Tests — These were conducted in the observatiMi 
court (level cement floor) of the Edinburgh Rescue Station, the appHanoes and 
routine being the same as those of the Burdiehouse teste. 

Oxygen Consumption doling Exertion.— A full account of the experiments with 
the ergnmeter and on men climbing, walking and running will be given in * 
separate paper now being prepared for the Royal Society of Edinburgh. It ia, 
however, advisable here to set forth in tabular form the oxygen oonsomptions 
determined in these experiments, sinoe the question of oxygen supply during 
physical exertion is of the first importance to the designer or user of mine 
rescue apparatus. Attention is directed to the variatirms in oxygen consumption 
between one man and another, and to the high figures sometimes reached. 

A description of Subjects I, II, V, VII, and VIIT ia given in Appendix II; the 
following facts relate to tbe others included in the tables: — 

Subject m. — Rescue station instructor : weight, 165 lbs. ; fitness (from ergometer 
test), 80 per cent. 



Subject IV. — Mine under-manager : w^eight, 168 lbs. ; trained ivscue man ; 
engaged in a pit working flat eeams ; fitness &1 per cent. 

Subject VI> — Army recruit, previotiElj bank clerk : - weight, 143 lbs. ; fitnen, 
42 per«eDt. 

Subject IX. — Mine fireman in a pit working flat Beams : weight, 168 lbs. ; trained 
rescue man ; fitness 69 per cent. 

Subject Z. — Featherweight boxing champion of Great Britain, working as a 
rivetter at time of test; not in fighting training; weight 133 lbs.; fitness 77 per 

Subject XII.— Army officer: fitness, 93 per cent. 

Subject XXU. — First-class footballer, runner, jumper and all-round athlete, Armj 
instructor in phjEical drill ; weight 158 Ib^. Records were obtained on this subject in 
three conditions — (1) in good health ; fitness 70 per cent, (the ergometer results 
labelled (a) were obtained on this occasion) ; (2) in good health and after intensive 
physical training at Aldershot ; fitness 100 per cent. ; and (3) in poor health; fitness 
55 per cent. The climbing and walking teste and also the ergometer teets marked (b) 
were carried out with the subject in the last condition. 

Subject XIV. — Army officer doing sedentary duty; had been wounded through 
the gi'oin; weight, 161 lbs.; fitness, 63 per cent. Formerly a long distance runner. 

Subject XV. — Rescue station assistant instructor; weight, 147 lbs.; fitness, 
63 per cent. 

Subject XVI. — Research assistant : sedentary habits ; weight, 154 lbs. 

Subject XVm. — Instructor in physical drill at an officers' hospital ; weight, 
i36 lbs. Fitness deteriorating: 56 per cent. 

Subject " C.O.D." — The information relating to this subject (a) when walking 
at different rates on a laboratory floor, and (b) when' walking in a grass field, have 
been extracted from Haldane and Douglas' paper entitled "The Capacity of the 
Air Passages under varying Physiological Conditions " (Joum. Physiol, 43, 1912, 
p. 235) and are given here for the sake of comparison. To make the oxygen 
consumptions more strictly comparable with our determinations, it has been necessary 
to add 25 per cent, to the published figures to allow roughly for the fact that the 
subject did not carry a weight of 4S lbs. in addition to the Douglas outfit. 

The oxygen consumed is, in all oaaee, expressed in litres per minute, the gas 
being dry and at 32° F. (0° C.) and 30 ins. barometer. 
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Xoft Xconomical Bate Ol Walking.— If a rescii« mw'B purifier or oxygen begin 
to fail while lie is still a good way from frech air, he is faced with the qiiBBtion : 
What is the beat epeed at which to proceed? He may forfeit his life to an 
incorrect answer. UiHefis thoroughly instructed, he will be tempted to makn a rush 
for the baae, to get Ute joomey done in the shortast time; he would be risking 
a, great deal by giving way to that temptation. In tha ease of an apparatus fed 
with a nnifarm two litres of oxygen per minate, and where the oxygen 
is running dangeroiisly low while the pnri£^ is still servioeable, the best speed 
of retreat is oridentlj that at which two litres per minnt« are ocmeujned by the 
wearer. But in the case of the purifier failing is any clasa of apparatus while 
the oxygen reeervs is still adequate, or in the instance of a Weg or a Gibbs 
apparatus (where the oxygen delivery is automatically regulated to the demand), 
in which the cylinder is nearly run down, the problem takes on a new complexion. 
The best speed of retreat would then be -that at which the required distance may be 
trarersed with the minimum output of CO, and the minimum oonsuncption of 
oxygen. Like a steamer or an airship, a, man has a most economical speed at 
which he goes furthest per litre of oxygen or per pound of food. To ascortajn 
that apead is thus of practioal value to those uaing rescue apparatus, and also 
(it may be added) to those oonoerned with the economical movement of infantry. 

The data of Table 2 (oxygen consumption during walking) yield the following 
information on the matter ; — < 

" C. O. D.' s" most economical rate, breathing air and walking without burden on a 
laboratory floor, was four miles per hour, at which speed he moved 99 yarda on 
a litre of oxygen. Wfdking without burden in grass, the same subject's moat 
economical rate was thre» miles pea- houi-, when a Utre carried him 82 yarda. 
With all 'Uie remaining subjects of Table 2 — loaded, as each of them was, 
with a weight of about 43 lbs. — ^the most economical speed proved to be throe 
milee per hour when breathing air, while, when breathing oxygen and similarly; 
loaded, that rat« was three miles per hour for Subjects I, H and III and four mites 
per hour for Nos. XIII and XVI. It is apparent that increased difScalty of walking, 
whether due to the man carrying a load or to lack of smoothness of the path, 
reduces the most eoonomical speed. Under the conditions obtaining in the mine 
we judge that rate to be about 2} miles per hour when travelliug a flat road and 
carrying a rescue apparatus. 

PART n. 

DEATHS DUE TO RESCUE APPARATUS. 

In the following list we give particulars of the 14 deaths that have occurred in 

f rescue apparatus: — 

Table 6. 
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We view with apprehension the large proportion of casualties attributed to 
improperly adjusted and leaky apparatus. The statistics of deaths force upon us 
the conolusion that insufficient attention has been paid at some centres to the 
methods of testing and adjustment. Obviously it is not enough for an apparatus 
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to b» oosftniated <nt eomet Uhm; it mnat b« prored aerrioMtble by t«Bt tiefore 
baing iu«d. We Agree witii Lt.-Col. Logan's mudm th»t emrj mcao apparktoB 
■boold be r^&rded m niuafe until it has been proved otiierwiie. 

Tht HawUftoa Mlaa Aeddtnt. — Three men maring Proto appwetiu kst Hut 
lire* wliile oombating en undergroand fire in the NewUaton Oil-rfi»le Mine on 
April 18, ldl9. Dr. Brig^ examined the apparatus ueed hy two of theae mon, wid 
made a reptMt thereon to the Oiief InapeobM: of Minea, of wiuob. the following i* * 
digest. The third bod; and apparatoa bare not as yet been reoovered. Modicel 
evidence waa to the effect that tiie deaths were due to carbcm numoxide poiaoniiig. 

While at the mine, it was seen that the nnione attaching the flexible inhaJatiw 
tubes to the bags were dack in both apparatus. In one oaae the nnion had been 
put on " across the thread," and was only caught by two or three threade. On 
bdng subsequently tested under water, dangerous le^a were revealed in both 
apparatus in addition to Uiose at the looee unions. In both oaaw there w» 
leakage of higb-prevure oxygen, which in on« instance amounted to 2 litr«B per 
minute at a cylinder preesure of 26 atmos. Still more ewious were tbe leakagn 
on the breathing circuits. The bag of one apparatue leaked badly at one end (rf 
the large ruCber-to-mbber joint, owing to the opening being larger tban tita clamp 
intended to close it. It was found impoesible to make a secure joint at tbia place. 
There waa a Anall leak at the inspiratory vaive sorew of the eame apparatoa aoi. 
a large leak between the rubber and metal portions of the mouthpiece, due to the 
binding being insufficiently tight. Leakage at the latter plaoe ie e^teciaDj 
dangerous {tee First Report, p. 16), as it is at tiie moutiipieoe tiiat the extreme 
alternation of pressure occurs. With both apparatus the leaks were .snob titat 
positive internal pressure could only be obtained by aid of the by-pass, and even 
then it was quite transitory. A number of other tests were applied, but las they 
gave negative results they may be disregarded here. The following oonduaioiH 
were given in tlie report : — 

" If the apparatus were used in air fouled by whitedamp and' were worn in th» 
state in which they were foond by the writer, Brodie'e and Zjaird's deaths were dne 
to poisoning by carbon monoxide drawn in through the leaks in the breathing 
circuit of tho apparatus. 

" Tbe leakage of oxygen at the ba^-pressure baps ajid jwntB was not * 
oontributory cause of deatii; its occurrence in theee apparatus, however, euggeeti 
one possible reason for ilie unduly rapid' feJl in the oxygen pressure which appears 
to have been a feature with several of the apparatus used by members of the 
exploring brigade. 

" In tiie First Report of the Mine Rescue Apparatus Research Cbmmittee, 1918, 
(p. 31), it is r»»mimended that no rescue apparatus should ever be used in 
poisonous air until it has been tested by immersing it in water with the oxygen 
turned on and the mouthpiece closed. Had this method been applied in tiie cases 
in question it is probable that the fatalities would not l»ve occurred'." 

Certain of the views elicited under cross-examination at the Fatal Acddent Inquiry 
following upon tbe Newliston accident call for comment: — 

(1) The Hos«-Ollp Danger. — In the opinion of tbe instructor and other membera 
of tbe brigade, the fatalities resulted from the nose-clips being displaced. Tliese 
were of the " ratchet " pattern — a variety which is particularly liable to be knocked 
off, and which on that account should be abandoned. While not wishing to 
minimise the danger attendant on a defective clip, wo think that unless the wearsr 
is already suffering from the eSeots of GO, CO^, or want of oxygen, the dixippiug 
of a clip, even if a breath or two of foul air is inhaled before it is replaced, 
will not cause risk of his falling immediately unconscious. Indeed, hod tiw 
blood on this occasion been free from (X), the effect of a few breatJiis of 
the foul air would have been imperceptible. The probability is that, in each 
of the cases in point, the blood waa highly saturated with carbon monoxide drawn 
in through the holes in tbe breathing circuit before the man stumbled' and knocked 
OR bis clip. With the frequent ubo of the by-pase ih» inhaled air would oMitain ft 
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largA peroMitage of oxygea, and the wearer of the appomtna wonld tiioa be abl« 
to snpport & higher oonoentration of CO in the blood tluii if h« had been rec^iring 
uorm&l air oontaminated by that gaa {»ee p. 16, Pint Report); but when the 
limit of endurance was reached and he was staggering, the displacement of the 
noae-clip and inhalation of air through the noae wonld result in almost immediata 
u noonscionaneas because of the indrawing of air low in oxygen. 

(2) Positive PreflSUre.— The rescue atation superintendent held the opinion that, 
even if there were leaks in the circuit, the flow would be outward and not inward, 
beoauae of the Proto being a " positive pressure " apparatua. A sma^ puncture in, 
say, the Froto bag is much less dangerous than the same-sized puncture in the 
purifier of the Meoo apparatus, because the resulting leakage in the first instance 
will nsnaUy be outwards and in the second instance usually inwards ; but when the 
holes are large or numerous, there is no way of maintaining a continuous positive 
preesnre in any breathing apparatus; instead of that, the pressure in the circuit 
constantly tends to equalise itself with that of the surrounding atmosphere; iu 
other words, there is outward flow through the leaks on expiration and inward flow 
during inspiration, no matter of what type the apparatus may be. 

As demonstrating this efFect, one of the Newliston ^parotus, witit the anion 
<ia the inspiratory tube aet as nearly as possible as it was When the apparatus was 
received by Dr. Briggs, was fitted with a apeuial appUanoe to measure the volume 
drawn in through the leak while not interfering with any outward discharge. The 
wearer was set to do work on the ergometer at a rate which was known from 
experiments to be approximately equivalent to that of climbing a mine incline of 
I in 6 at a speed of IJ or 2 miles pdr hour. The inflow from the outer air averaged 
0-8 litres per minute, and heavier exertion would have led to a greater inflow. 
There was, on inspiration, a negative pressure of half on inoh of water at the pmnt. 

(3) The Water Test. — Though admitting the good qualities of this teat for 
leakage, the superintondent took exception to it on the grounds that it wetted 
the apparatus and made it uncomfortable to wear, and that the outer oover of 
the Froto bag got full of water during the test. As was pointed out by Hr. H. 
Walker during the Inquiry, the last drawback is remedied by providing one or 
two small holes at the bottom of the cover through which water may drain 
away. A rather more cogent reason against the test as described in the Fir$t 
Beport, p. 31— where it was suggested that, before immersion, the slings and 
bag-cover of the Proto should be removed — was that if this test were carried out, 
the bag joint would have to be broken and remade in replacing the oover, and that 
there was, therefore, no guarantee that the joint was secure when the apparatus 
was ready for use. The testing of rescue apparatus for leakage b manifestly of 
such imptntance as to make it advisable to discuss it separately below. 

(4) It. was argued that the unions may have been loosened by rough usage of 
the apparatus between the time of the acddent and the examination, or tiiat, 
subsequently to the accident, the tubes may have been disconnected and imperfectly 
reconnected by some person unknown. This ie poesiUe; but the leak at the month- 
piece and that at one end of the bag-joint cannot be so explained away, and 
they were sufficient in themselves to account for the death of one of the men. 

Testing Beacne Apparatus for Leakage. — Leaks, even at, the high pressure 
joints, do not always make a noise; to depend entirely on hearing a leak is not, 
therefore, to be recommended. The method of using a glowing cigarette or match- 
end is generally more successful in detecting leakage of oxygen from the «apply 
parts of the apparatus than in spotting leaks on t^e breathing circuit. It can- 
not be too often emphasised that, even with the so-oalled " positive pressure" 
apparatus, a serious leak on the breathing circuit, especially at a place near the 
niouth, leads to inflow as well as to outflow of air, and during inflow the hole may 
escape detection by the cigarette test. That test also has obvious limitations 
underground. To test an apparatus at the pit head by wearing it in a closed 
room full of sulphur fumes cannot be recommended for four reasons: (1) The test 
ia slow and troublesome; (2) it does not reveal leakage from the oxygen supply; 
(3) on entry of the fumes into the breathing circuit at a point from which the 
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ftir hma to flow through th« pnrifier before readiing tlie month mmij paw » 
detected, linoe okoatio loda abewbe SO, ; Bod (i.) if a leak ia diaoarned, then > 
HO precite ioditation of its poMition. 

It has been iii-oposed la ueo a watergauge attached to the breathiiig <: 
a« a leakage indioator, the apparatua being inflated and the rate of faJl oi ii 
gauge observed. The method, however, suffers from the demerits <2) and ii 
above, as weU ae from the objection that a joint has to be remade when u 
gauge is removed, unlees the gauge is applied at the orifice of the rubber Buxa 

We know of no teat of leakage to eqnal that in which the apparatus, tigbL'; 
distended and with the osjgen on, is plunged under water. The water tts^ 
scrutinises both the breathing circuit and the high-pressure joints; it not a' 
detecto leakage, bub also shows at once where it occurs. As was illustrated on I 
oooasion of the Wallyford fire (January, 1919), where every apparatns was saV 
jected to it before being taken underground, the water test is readily applied i: 
the pit-head, a ooD&psible bath being taken out from the rescue station with tbt 
3ue apparatus. The fact that every man witneased the testing of hie apparati^ 
in that occasion whs responsible, scoording to the Instructor (Hr. J Cooper), fa.' 
ncreased confidence. 

The fact that the teat wets the apparatus has been advanced as a serious disad- 
vantage. A slight and transitory discomfort is barely worth mentioning when pilti^ 
against the safety of the wearer. 

As has been recently observed,* it is advisable to shake the connections when 
under water, as a slack joint may be passably gas-tight in one position and leai 
badly in another. A suitable way of testing the Froto is, first, to put it under wsUr 
in an inflated condition, with the belt and bag cover removed~-when the connectioiL' 
and tubes can be scrutinised and the rubber hag can be examined for puncturss- 
and, second, to replace the belt and bag cover, and then, with the bag upside dori 
to immerse the bag-joint to make sure that it ia tight. In this way most of ti' 
cover is kept dry. As has been pointed out, it is not sufSeient that the test br 
applied with the cover off, for, in replacing the latter, the bag joint has t 
remade after testing. 

The water test is essentially a pit-head test; it will be only rarely that it 
conveniently be emjdoyed at an underground base. If a secure method is 
of connecting a water gauge to the rubber mouthpiece orifice and also of appljinf 
suction, it would form a serviceable alternative to the water test for testing ttr 
breathing circuit, though not the high pressure parts. 

We repeat, that no rescue apparatus should be used in a poisonous atmosphert 
unless it has passed a satisfactory leakage test. 

PART ni. 

APPIIOVAL OF MINE RESCUE APPARATUS. 
If the Home Office agrees to institute a system of testing rescue apparatus 1° 
order that iJiose satdafying the tests may be regarded as " approred apparatus' 
—and that formed one of the most important recommendations of our First Report- 
it will be necessary to adopt a definite routine for the examination, so that maken 
will be aware of the standards of performance that have to be reached. Several 
of the requirements of apparatus were defined in the First Report, and these wil' 
be found to have been incorporated in the following suggested conditions of test:— 

SiraoBSTED Conditions asd Cbakaocbr of OraiciAL Test off Two-Hona Rescub 
Apparatus. 

1. The maker of the apparatus, or his agent, shall send to the testing office' 
two identical models of the apparatus to be tested, along with suoh cartridgii 
or chemicals (excepting oxygen or liquid air) as will enable the following tasti 
to be carried out. The maker shall also send such additional parts and additional 
cartridges or chemicals as the oflScer may request. Should an apparatus fail t< 
comply with the requirements, the two said models will be returned to the maker: 

• G. li. Brown, Tram. In>l, .Win. &ifl>. L 17/, y. ISi. 
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in the event of an apparstna receivrng ApjuroTal, one fliodel will be retained by the 
officer on b^alf of the Home Office. Along with the apparatus the ntaker ahall 
also forward to the officsr a Dle&r drawing of Vhe apparatus to indicate its manner 
of working, and a complete schedule of parte of the apparatus stating tiie material 
of whioh each ie made, and the name bj which ib is proposed! that the apparatus 
shall be kDOwn. 

2. A rescue apparatus shall only be allowed to be used in mines — If (a) it 
bas satisfactorily passed the tests outlined below, and has r«oeived l^e official 
certificate of approval ; (6) it is made in the manner and of the materiids 
specified in the description which is attached to the official certificate of appreral; 
and (c) it be provided prior to use with the kind and amoont of consumable 
charge stipulated in the said description: or if (d) it has been approved for ex- 
perimental purposes by an inspector designated by the Home Office. 

3. In tJie event of the manufacturer desiring to make an alteraition in an apparatus 
alreadj approved, application shall be made to the Under Secretary <rf State, 
Home Office, Whitehall, defining the exact nature of iiie proposed .iteration. "Rie 
Seoretarj of State will then decide whether tjie proipooed change is of so fandamental 
a character as to necessitate complete re-testing in the manner herein prescribed; 
whether it necessitates re-teeting in part only or to a modified extent, or whether 
the alteration may be permitted without furtheo- testing. 

4. If more than one manufacturer desire to m>ake a particular apparatus, each 
maDufactnrer shall comply with the conditions here set forth, irrespective of any 
approval previously granted on that apparatus to any other maker. 

5. Approval may be cancelled in respect of an apparatus which is found, 
subsequent to approval, to be made by a manufacturer of inferior materiails or 
involving inferior workmanship. 

6. The maker shall be. allowed to be represented at ilhe teste of an' i^^yaratua 
or part thereof. 

7. In the event of an apparatus, or part thereof, failing to comply with the 
requirements, a report will, if desired, be furnished to the manufacturer setting 
fcrth the cause or causes of failure. 

The report on an apparatus which has failed to comply will not be made public 
by the Home Office. 
3. A rescue apparatus shall undergo the following examination and testa: — 

(a) Geoeial Construction and Setriceableness. — The apparatus shall be con- 
structed of the bwt available materials and be of mechanical strength sufficient 
to withstand the usage it is likely to receive in actual service. The parts shall 
be arranged with djae regard to the comfort of the wearer and shall have been 
designed on correct mechanical principles. The apparatus shall not unduly 
impede the wearer when he is walking in'a crouching position or when he is crawling. 
The arrangement shall be such that the parts can easily be tested, inspected and 
repaired. 

In the case of compressed ciygen apparatus, a gauge shall be provided to 
ecable the reserve of oxygen to be read at any time. The gauge shall be within 
viaw of the wearer, and, it it is connected to the cylinder by a flexible tube, there 
sliall he a cock or other efficieat means of shutting off the gauge and flexible tube 
from the cylinder. Such apparatus shall have one cylinder only, and the 
cylinder valve shall be either so constructed that it cannot accidentally be dosed, 
or provided with a suitable locking device serving that purpose. There shall 
be a by-pass to permit of a free flow of oxygen from the cylinder to the breathing 
circuit ot the apparatus independent of the reducing valve. There shall be a 
relief valve (preferably operating automatically) on the breathing circuit, and if 
it be a^ltematic in action, the construction of the apparatus shall be such as will 
prevent the hag being accidentally squeezed flat. 

Unless an apparatus complies with these general requirements, it shall be 
rejected without further examination. 

(6) PuTlfler T«Bt. — If the material used for absorbing carbon dioxide is con- 
tained in a sealed canister or cartridge, the latter shall be ao constructed that the 
absorbent cannot be so disturbed by shaking as to impede the flow of air 
tlnwngh it, or to create open passages or short-circuiting within the cartridge. 



TTnlees the design of tbe bartridgo is such aa deflnitelj to preclade any ancli 
movement of the aI»orbeiit, three sealed cartridges will be aubjected to ahaVrng 
or Tibration for three minutes and th^i tested separately by either (1) passing 
throu^ each of them, in an intermittent fiow, air saturated at blood temp^stun 
and ooutaining carbon dioxide of a volume and proportion to represent tbe 
expiration of an average man valking at 4 miles per hour for a period, in eack 
case, of 2 houn, or (3) b; attaching each cartridge to an approved rescue 
apparatus and subjecting it to tbe endurance test aa set for^ in ((Q below. 
Heasurementa of resistance (bj water-gauge) and samples of the air diadtargiag 
from the cartridge will be taken at intervals. The purifiers will be regarded ai 
having satisfied the test if the highest recorded resistance due to the purifier alooe 
is under 2 ins. of water column, and if the highest 00, proportion in the air passio; 
from the purifier is under 2 per cent. 

This test will not be applied to a' purifier forming part of a liquid air apparatia 
in which the suppl; of freeh air to the wearer is so copious that the greater part 
of ^e expired air discharges to waste without passing through the cartridge. 

(c) T«sts of Ezpiiation and Iiupiiation Valves.— If the valves on the breathing 
cironit posses novelty of design or arrangement, t«sta will be made to ascertain 
their efficiency. A valve shall not be regarded aa satisfactory if its slip in anj 
position ezoeeds 20 per cent, when the voli^e being respired is 40 litres per 
minute- 

(d) Xndarance Test. — This teet will be performed four times, namely, twice with 
each of the models submitted by the manufacturer, and the apparatus will be 
worn by different persoiia <m each occasion. Persons accustomed to using rescus 
apparatus will be selected to wear the apparatus. 

The person wearing the complete apparatus shaU walk at a regular rate ot 
4 miles per hour on the level for a period of 2 hours, with rest intervala o( 
not more than 6 minutes each at the expiration of 30, 60, 90 and 105 mioutea, 
when samples of air and thermometer and other readings may be taken. Samplw 
and readings shall also be taken at the end of the two-hour period. 

In the case of an apparatus dependent on a uniform oxygen delivery, the raU 
of deliver; will be set at 2 litres per minute before the commencement of the test, 
and the rate will again be' measured at the end of the test. Before an apparatne 
is put on, it will be tested for leakage and an; leak remedied. An examinatioi 
for leakage will tdso be made after the two-hour period. Unless the apparatoi 
derives its osygen supply from the evaporation of liquid air, only oxygen of at least 
98-6 per cent, purity will be used in this and the subsequent tests, and the cylinder 
will first be washed out with such oxygen before charging. ' 

Samples of air from the inspiratory tube of the breathing circuit will be taken 
at intervals and analyeed forthwith for carbon dioxide ajid oxygon. THa 
temperature of tbe inspired air and the cylinder pressure will also be recorded 
at each interval. 

An apparatus shall not be regarded aa satisfactory unless (1) it proves itself, on 
each of the four endurance tests, to be able to meet the wearer's requirements for the 
full period of 2 hours; (3) the highest CO, percentage in the samples taken does 
not exceed 3 per cent. ; (3) the highest temperature of tbe inspired air is not more 
than 20° C. (36° F.) in esoeas of the temperature of the atmosphere at the time 
the maximum reading was taken; and (4) the highest reBistance of the apparatus 
as a, whole (measured immediately at the end of the two-bour period) does no! 
exceed 3 inchee of water when the rate of flow is 85 litres per minute. 

(e) Training Gallery Test. — This test will be undertaken in irrespirable air in » 
suitable gallery. Two men, each equipped with the apparatus, will work two hours 
in the gallery. The men will be required to nndertake a definite programme involv- 
ing varied exertion for two hours. The programme may include weight lifting, 
weight carrying, loading a mine tub, tramming, carrying a dummy figure on s 
stretcher, crawling through low narrow opening, and sawing and setting tinxber. 
The test is mainly to determine the degree of security and oomfort attainable when 
wearing the apparatus and when performing some of the common tasks of mining, 
and the nature of the work will be in all cases arranged by the testing officer aa may 



be deemed b; bim most eaitable to r«veal iha d«f«oU or limitatioua ot ibe partionlftr 
apparfttUB. 

9. A DOBe-dip shall be so oonetructed, or so attaohed, as to afford reasonable 
Becoritj againat occidentaJ displooement through a ohaac^ blow, or through the 
wearer stumbling. It shall not tend to slip when the nose beoomee moist with 
perspiration. 

10. A faoe mask shall not be approved for use with mine rescue apparatus unleso 
it passes all the tests imposed upon it by the testing officer. 

11. Approved rescue apparatus, or ports thereof which have been separatel; 
approved (excepting nose ciips), shall, before leaving the maker's works, be stamped 
or otherwise clearly marked with (1) the maker's name and serial number; (2) 
the inscription " Mine Rescue Apparatus : Approved for Use in Mines in Uie 
United Kingdom," and (3) the date of approval. It shall be illegal for a maker 
to stamp or mark apparatus in this manner unless be has, oa his own behalf, 
obtained approval for the apparatus. 

13. The approval of a mine rescue apparatus, or part thereof, has reference only 
to tbe question of its safety for use, and takes no cognisance of the legal right 
of a manuiaaturer to make tJie apparatus. The certificate of approval is not 
to be regarded aa equivalent to a licence to manufacture the apparatus or part in 
question. 

PAST IV. 
MISCELLANEOUS. 

Qualiflcations of Bescae Station Imtrnctor. — General Regulation 144 states ; 
" Bverj Central R«ecue Station shall be placed under the immediate control of 
a competent person oonrersant with tlie use of the a,ppliances." Though the 
responsibility for operations with reeoue appsj^tus, in common wvth all oUier 
operations at a mine, devolves upon the manager, the rescue station instructor 
must necessarily be consulted as to the feasibility of any proposed course of 
action wiib the apparatus, and aa the Bpecialist on such matters, his advice must 
often be sought and followed. We oonsider it advisable not only tbat he should 
be capable of giving a sound opinion, but also that his views (especially as to tite 
safety or otherwise of rescue operations) should carry weight. To possess the 
character, knowledge and status desirable in the holder of a position of tliis 
responsibility predicates a standard a good deal beyond a bare acquaintanceship 
with the use <d the apptiauoee at the station, and, in future, before an instructor 
is appointed, we think that hie qualifications in thcee respects ^ould be carefully 
scrutinised. 

Cooling the Inspited All, Proto Apparatna.— All ueers of the Proto 
agree ttat the high temperature attained by the inspired air constitutes 
a most serious drawback, and, as was shotm in the Doncoster Report, other 
forms of apparatus may develop the same defect when they are used in warm 
air. On occasion, the hot saturate air produces an insufferable burning of the 
month and throat. The most serviceable metbod of cooling which wo have so far 
tried is a modification of tliat of the Boncaster experiments,* where a bag con- 
taining sodium Bulphato (suggeated for this purpose by Mr. T. F. Winmill) was 
placed between the wearer and the inspiratory compartment of the Proto bag. The 
success of the method was demonstrated at Doncaster, and it has been applied at 
other rescue stations and in France during the war, the salt being contained either 
in a third compartment nest to the wearer, or in separate small bags lying on top 
of the caustic. The latter variant was tried at Cmmlin in 1917 by Mr. A. T. 
Winbom and Mr. R. J. Ourrie,t who reported very favourably on it. In one 
instance, where two Proto men, one with oi>oling bags in his apparatus and l^e other 
without, were pitted against each other in a 2-honrs programme of strenuous work, 
the latter had to stop^ one hour owing to excessive heat. The temperature of his 
inspired air was then found to be 130° F. The first completed the 2-hours task, 
the t«nperature o>f the indrawn air being 87° F. at the end of the period. Other 
t«ets gave similar results. 
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Hjdr«ted Bodiiim ralpharte (Qlknber's aalt) mthu at 93° F., and in melting absorb 
& large amount of heat; but extended obeerratiou has ahown it to be not Ter; bi* 
able for the purpoee in view. It has the pecaliar property of depoaiting the azthi- 
droua salt if it be heated above 92° F., as would of course occur if it oontinued ii 
contact ivith the purifier after being completely liquefied; and the higher the tem- 
perature to which the fused salt is raised, the greater the proportion of anhydroi 
8ulphst« precipitated. Thus, a bag of Glauber's sajt, raised first to a higher tempen- 
ture than ita melting point and tlien allowed to oool, is found to contain parti; Cbf 
aalt in its original state, partly anhydrous sulphate and partly a saturated solution; 
and the last two are of limited use as heat absorbers. This action tends to be 
cumulative, as ite impaired cooling power would probably result in the bag attain- 
ing a still higher temperature when it was nest used, and a further deoompoGJtiiiD 
of the hjdrated sulphate would then occur. In place of sodium sulphate, Mia 
ailchrist su^est«d bydrated calcium chloride (CaCa,6H,0), which melts at 84° F.. 
and which, as it raturns to it^ original condition on ooolisg, can be need snj 
number of times. Eaperiments have also bean made on sodinin chromatE 
(Na,CrO.10H,O), which liquefies at 74° V. 

Calcium chloride, though it has proved an eicelleDt ootriing roediam, has tht 
disadvantage that, in the event of its oontaining bag or tube being punctured, tbt 
resulting mixing of the chloride with the soda and sodium carbonate of the puriij. 
ing charge leads to a considerable evolution of heat. 

If the apparatus is to be worn in hot mines, failure may result from the ri 
the wearer's body temperature, caused by the hot bag being insufficiently insulated 
from the body, rather than from the temperature of the inhaled air. In suci 
circumstances the 3-compartment bag, with the cooling agent in the sealed ( 
partment nearest to the body, affords a most effectual safeguard, though the beuefii 
is obtained at the cost of a bag which protrudes awkwardly. 

On the other hand, if the problem ia to improve the capacity of the Proto appa- 
ratus for hard work in places where the temperature of the atmosphere is not undul; 
high, attention has then principally to be directed to cooling the purified air, 
the ideal situation for the cooling agent is in contact with the regenerated air 
but not in contact with the caustic soda. If the cooling agent in this instance b« 
placed, for example, in a few small bags resting on the soda, its usefulness ii 
diminished by it absorbing heat from the caustic rather than from the air leaving 
the caustic. Moreover, the small bags are apt to work down into the soda, where 
the salt soon melts; and, if of rubber, they run the risk of being punctured when 
the charge is kneaded or shaken up. 

We have tried using a calcium chloride cooler attached to the top of the bag and 
placed outside it, but all such arrangements are clumsy and unsatisfactory. Tli 
best method of applying the cooling salt which we know at jvesent, is to place it i 
sealed, round-ended tubes of thin metal, each being about 6 ins. long and IJ inc. i 
diameter.* These are dropped into a special small compartment (A, Fig. 1 



Pig. 1.— Proto bag with Cooling Compartment, 
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tihrough which the ragenerated ftir has to flow on its way to the inspiratory tube of 
the apparatus. Bo placed, th» risk of puncture is siuall, and the cooler is kept ofi 
the caustic. Any desirad number of the tubes can be inserted. Usually, four are 
found sufficient. 

Oxygen Pulity. — On the whole, the oxygen supplied to rescue. BtatiouE appears 
to be much freer from impurity than it was in 1917. Almost invariably at tiia 
present time, that obtained at the Ekiinburgh, Porth, ajid Doncaster stations 
contains less than 2 per c«nt., and generally less than 15 per cent., of nitrogen. 
The position is not so favourable at Newcastle, where the oxygen received often 
has over 1'5 per cent, impurity, while in September, 1919, the nitrogen-content 
reached the dangerous level of 8 per cent. 

All the more progressive rescue stations have installed analysis apparatus or 
have arranged for the analyses being carried out by an independent chemist. 
Oxygen purity is a matter demanding constant watchfulness, and it is evidently 
impossible to depend on a works' guarantee. 

FreTftntiOn of BUBtiag Ol Oxygen OyllndelS.— The formation of rust or scale 
iuflide the cylinders of rescue apparatus was referred to on p. 26 of the First 
R^ort, where we touched upon certain of the risks of rusting. The Proto 
cylinders are particularly prone to give trouble from mat because of the narrow- 
ness and length of the passage from the cylinders to the reducing valve, and 
of the fact that that passage is all in steel. The danger with double-cylinder 
apparatus takes three forms: (a) The rust may choke the connection between 
the cylinders; (b) It may choke the pipe between the cylinder and the reducing 
valve, Bad (e) It may be ejected into the redacing valve and cause a stoppage 
there. In wtisting apparatus the second of these dangers is almost entirely 
limited to the Proto apparatus, and there the most likely part of the delivery 
neck to get choked is the part whioh is neiurest to the cylinders, and, therefore 
(because of the curved shape of the neck), the most difficult to dean. This 
part is of narrow bore. 

The third of the risks named above is avoided by the use of an effectual 
filter, placed immediately before the reducing valve. We have alluded to these 
filters in the First Report, pp. 25 and 26, where we mentioned the fact that 
in the Meco apparatus the filter has often been found to be absent, or only 
represented by gauzes having a mesh larger than the openings tiivj were intended 
to protect. We recently met with a. Proto apparatus similarly provided witJi a 
gauBB which waa obviously too ooarae, and though in that instance Uie appaiatus 
had been out of the makers' bands for three years, and the gaUEe may, therefore, 
have been di'angod during that interval, it waa evident that It had been fitted in 
place by soime person who did not realise the danger in questiuo. 

Since tbe First Keport wias written, evidence has accumulated beai-ing out the 
risk of the connection between the two Proto cylinders becoming choked by rust. 
Mr, W. Clifford relates* that during the recovery operations at Norton Colliery, in 
1912, a certain pair oi cylinders was found more tJian once to be partial]^ run down 
when it came to be used ; yet immersion in water failed to show any outward leakage. 
He noticed that the cylinders appeared to fill unusually rapidly at the pump, but 
that when they were dosed and disconnected from tbe pump, the pressure slowly 
sank to about half Hbx charging pressure, ttwis proving the presenoe in the 
pipe joining the cylinders of a plug of rust, which only permitted of a 
tardy eqnilisation of preesure. He states that since that time he has had 
several similar occurrences, and points oat that the partial choking of the con- 
nection pipe is a danger, as the cylinders may be pumped up until the pump 
gauge shows a pressure of 3,000 pounds, but even tiien they would not contain, 
ft two-hours' supply of oxygen. The inference is clear : the oxygen tdiould be 
h^ in one cylinder instead of two. Bui for the war and the fact that the eiisMlig 
official specifications as to the strength and weight of small cylinders hove not yet 
been modified, 'Uiio d)«ig« would doubtless have been introduced idreody. 
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The most direct rout« of attack on the dangen attendant npon nut is to 
andeavonr to prevent ita formation. In the Uat Report we •nggeated coftting 
the inside of oxygen oyliadera, when new and after eacii annealing, with a 
ramish of a ipecified composition, that treatment being the moat •atisfactorj 
we had then tried. We ventured to gire the opimtm at that time that experieiMx 
might eventnalty point to some other method of protection as being saperior to 
varnishing. Further experiment has, in fact, already led to the disooTery of 
more effectual protective coatings, though none is so simple and ea<rr to a-pply as I 
Tarniehing. Certain of the proceMse named below may be known to tiie reader in 
connection with the protection of iron and otod atmcturee of Tarions kinds, but they • 
hare not hitherto been ooneidered for preserring oxygen cylinders against oorrcwdon. 
The present problem is, indeed, not an easy one, owing to bigh-preeanre oxygen, 
especially when damp, being an intensely active chemical agent. The shape ot ' 
the bottle, with ita narrow mouth, enhances the difficolty of treatment and <^ ' 
the subsequent examination of the inside surface. | 

To ebtain comparative indication* as to the value of certain methods of protecting 
•ted fr<Mn attack by high pressure damp oxygen, eight mild steel bora were 
mounted in a cage and placed within a strong mild steel casing suf^iently larga 
to hold the cage without any of the bars tonching the sides of the casing. One ol 
theae bars was untreated, but the others had been ^iven protective coatings, and 
to guard against failure through inoorreot application, the bars (with tilie exer- 
tion of those varnished and japanned) were obtained from the firms speoialisiiig 
in the methods in question. A pad of wet wool was placed in the easing to 
maintain the high-preesure atmosphere in a saturated state. Oxygen at a 
pressure of 30 atmos. was then introduced, and the cosing kept closed for three 
weeks. After bmng withdrawn, the rods wwe arranged in the f<^owing order of i 
merit, the first being the beet : — 

(1) Trieolised. — ^Although the surface of the bar had a tinge of rust here and 
there, the action had b^en very slight, and the protection proved far and away 
the best of those tried. The treatment is carried out by the BuHtlesa Iron Co., of 
Keighley, Yorkshire; it consists of first heating the metal in a reducing 
atmosphere to a temperature not exceeding 900° F. (482° C), and then subjecting 
it to the action of superheated steam, wiU) the result thai a coating of the 
magnetic oxide of iron is formed. 

(2) Sherardited. — ^The result was good. The effect of the damp oxygen bad been 
to form a slight amount of very fine white powder scattered over the surface. This 
powder seems to have baffled the chemist, and its exact nature is not yet known. 
Sherardising is carried out by Mr. Sberard Cowper-Coles, of 8nnbury-on-Thamee; 
it involves subjecting the metal, at a temperature of about 600° F. (316° C), to the 
attack of sine vapour, the surface being in this way zinc-coated. The inventor 
claims that the line forms a zinc-iron alloy at the surface, and the present teat, 
wheal compared with that on a bar given an electrically-deposited zino surface 
(tee below), goes to support that claim. i 

(3) Japanned. — Here, again, the result may be termed satisfactory, though Uiere 
were a few pimples of rust which had made their appearance through cracks oi I 
" pin-holes " in the japanned surface. A previous trial with japanned iron gave a 
result superior to this. Black japan consists of asphaltum mixed into a prepara- 
tion of gum anime dissolved in linseed oil and turpentine ; it is applied in a series 
(rf ttan coats with stoving in between. 

(4) Cosletttted and Pigmented. — The rod was provided by the Coslett Company, 
Birmingham, having been coated by them, after coslettising, with a pigment whose 
nature was not specified. Local rusting occurred, the rust tending to grow in the 
form of round pimples which easily broke off, and which would be objectionable in 
an oxygen cylinder. Coslettising consists of coating the steel with iron phosphate 
hf a wet process. 

(6) Varnished.— In the instance under examination, the varnish, though it had 
not scaled, had allowed rust to break Idirough at places. Though much better than 



no protection, Tarniehing proved decidedlj inferior to the above-mentioned methods, 
and especially to the firat two. The vamish conaiated of sUellac dissolved in 
methylated spirit, Venetian red being added to the solution. 

(6) Ehctrically-deposited Zinc. — This method, which has proved superior in 
practice to Bherardising as a protection against sea water, appears conEiderably 
inferior to the latter in the presence of high-pressure oxygen. Besides the deposit 
of white powder remarked upon in the case of (2), there was a considerable growth 
of red rust which had broken through the protective covering. The treatment il 
evidently of little or no service for the purpose in view. 

(7) Cosleiiised. — The process gave very little protection. The same result had 
previously been arrived at with rods coelettised by Dr. Desch, Glasgow, and kindly 
sent by him for trial. 

(8) Untreated Bad.- — There was most marked rusting. 

The problem of the protection of oxygen cylinders against corrosion cannot yet 
be considered as solved, and we put forward these results more by way of a progress 
report on the matter than as offering a final settlement. The Oxygen Reisearch 
Committee of the Department of Scientific and Industrial Research, as well as 
ourselves, continue to devote attention to the problem. A Ghestorfield light cylinder 
{see p. 42) was tricolised and afterwards hydraulically tested. It was found to 
have saSered no diminution of strength; hut although it had received an excellent 
outer ooat of the black oxide, the inner surface left much to be desired. A con- 
siderable modification of the method adopted at the works will be needed to treat 
gas cylinders successfully. As the coating of magnetic oside ia most difficult to 
remove, care must be taken either to protect the screw at the bottle neck during 
treatment by screwing in a tube, or, in the case of a new cylinder, to cut the screw . 
after tricolising; otherwise trouble will be encountered when the valve comes to 
be sweated into place. 

Besides the methods discussed above, we have experimented on the action of high' 
pressure oxygen on the hard enamel coating (virtually a glass) familiar to users 
of culinary vessels. The protection offered was excellent; but the liability of the 
covering to crack (especially during the expansion of a bottle when being charged), 
and the difficulty of obtaining a perfect cost of that kind inside a cylinder, led to 
the idea being abandoned. 

Ths Drying Ol Oxygen. — The rusting problem may be attacked from another 
side: an endeavour may be made to dry the oxygen forced into the cylinders of 
r«soue apparatus. It has been repeatedly observed that the cylinders coming from 
the various works of the British Oxygen Company are wet, and on some occasions, 
particularly in the Newcastle and Doncaster districts, to such a degree that water 
is discharged from a storage cylinder when it is held mouth downwards. The 
Company tests the cylinders hydraulically, and it is to be regretted that too' littlo 
care is exercised in clearing the (flinders of water after that test. They should, 
indeed, be thoroughly dried b^ore again being put into service, and, tQ avoid dis- 
turbing the valve in bo doing, the drying may preferably he performed by warming 
the cylinder while it is in connection with a vacuum pump. 

A precautionary measure which can be carried ont at a rescue station, and which 
ve strongly recommend, is that of introducing a drier between the oxygen pump 
and-the cylinder being charged by the pump. Even if perfectly dry oxygen were 
obtainable from the manufacturers, it would eft^i carry water from the pump owing 
to the oommon use of m mixture of water and glycerine for lubrication. Fig. 2 
illustrates a simple drier, designed by Mr, D. Penman and intended for use wi'tii a 
small oxygen pump. It has been installed for seveial months at the Edinburgh 
station, where it gives satisfaction. It was tested hydraulically at 200 atmospheres 
before being put into use. The case and cover are of mild steel, the joint between 
the two being made secure by a lead washer. The drying medium, whether coarse 
caustic soda grannies, caustic soda balls (a recent product of Messrs. Crosfield's), 
or fused calcinm chloride lumps, is contained in an inner sheet-metal container. 
A plug of glass-wool (not cotton-wool) at the discharge side prevents particles of 



the drjing Babatance being carried into the cylinder. The bottom portion of tbt 
inner case is arranged aa a trap for ftny liquid that maj collect. The drying 
chemical ahonld be changed at regular intervals, which ahonld be shortened if, on 




PlO. 2.— Drier for use with Oiygen Pump. 

opening the case, liquid is found within. The drier is provided with two etop- 
cocks to avoid wasting the compreaaed oxygen which it holds after a cylinder h&i 
been charged. 

The Ohoking of Bedncisg Vslvea by Wat«T.— The entry of water into the 
cylinder of a rescue apparatus is not only objectionable from the point of view of the 
corrosion it may set up; if ejected into the reducing ralve, it is not unlikely to cause 
a stoppage. Mr. J. Cooper, then instructor at the Bdinburgh station, reported a 
sudden cessation in the oxygen delivery of a Meoo apparatus which was being used by 
one of a colliery brigade during an underground practice. On returning to the 
station the apparatus was found to function properly. It was overhauled, but 
nothing unusual was discovered other than a few drops of water in the reducing 
valve, A similar occurrence with a Proto apparatus h&s been recently recorded by 
Mr. F. P. Mills of Newcastle.* We made a series of experiments on the inflaenoe of 
water in the Meco reducing valve, tt was found that the mere fact of the 
compressed oxygen in the cylinder being saturated did not lead to choking, if 
the reducing valve itself did not contain water. That result was to be expected, 
since the oxygen, though saturated at high preesure, would he very dry after 
expansion to low pressure. 

A stoppage, or partial stofvpage, could generally be produced, if the reducing volvr 
contained water, by turning tiie valve ever, and particularly by turning from the 

• TVanj. T. Min. Engi. LVII, p. 150. LitJOylt' 
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Horawl posHion (tImt* the diaphragm is oppermoat) to the reverao pautHw. 
The following is a transcript of the laboratory record of one of these teets: — 

" A small quantity of water was placed in the rednoing valve, the cylinder 
- pressure being 100 atmos. After the oiijgen had been flawing normally for 
a few Beoonds, the rednoing valve waa euddenly turned upside down. The 
flow immediatdy became less, and oontinued slowing down until it nearly 
stopped. Then it came away with a rush, and kept normal tor a time. After 
about two minutes or so, the flow began again to slow down and the above 
sequence repeated itself. This waa done several times with the same remits. 
In no case was complete stoppage obtained." 
The fine oxygen inlet enters the reducing valve at the summit of a cone-shaped 
projection on which rests the vulcanite valve. 80 long as the reducing valve 
is kept in the normal position, any water lodging within the valve boi will lie 
round the base of the oonioal projection; but when the valve is reversed, the 
water will run down the cone, which will act as a dripping point. In the latter 
position, therefore, the water is directed into the oxygen jet, and temporary 
freeaing will probably result, with total or partial stoppage of the flow. After 
a little time a froaen jet will thaw again and let the gas through " with a rush " ; 
the temperature will then again fall and another stoppage or partial stoppage 
follow. FreeEing at the mouth of the jet, whether of water ejected from the 
cylinder or of wat«r lurking in the reducing valve boi and dripping into the 
jet in the manner stated, is probably due to the cooling influence of rapid evapora- 
tion augmented by the Joule-Thomson effect, the ice collecting under the vulcanite 
and blocking or throttling the inlet passage. We were unable to get a stoppage 
when the whole reducing valve was immersed in hot water. 

If the reducing valve box contain so much water that it is forced through the 
orifice on the discharge side of tiie box, it will, of course, lead to a momentary 
cessation of supply until it has been expelled. The pressure-difference on the 
two sides of the discharge opening are, however, small, and the cooling effect, 
therefore, negligible; freezing at that point will thus be a most rare occurrence. 

A highly dangerous condition arises when water from the cylinder enters the 
inlet orifice of a reducing valve, when that opening is already partially choked with 
nist partides. A sufficient stream of oxygen may emerge through the obstruction 
so long as it remains dry ; but a total and long-continued stoppage may immediately 
foUoir upon the entry of water into the duct. 

The more completely the results and dangers of allowing wat«r to enter an oxygen 
cylinder are studied, the greater appears the need for adopting every precaution to 
prevent it getting in. 

Sescos Apparatus Valves. — The abolition of the injector in rescue apparatus (a 
reconunendation of our First Report) will render the valves of all such apparatus 
altogether responsible for the proper direction of the air in the circuit. 

A good valve should close tightly, open readily, have little " slip "* and, when 
open, offer little resistance to the flow of air through it. It should also be simple, 
easily examined and easily changed, and should work equally well when held in any 

With self-contained apparatus, the effect of slip is rather more important with 
the eshatation than with the inhalation valve. A small slip at the latter means 
that a pmlion of the air last drawn into the lungs gets past the valve, and is 
re-inhaled on the next breath ; that air, however, contains relatively little carbon 
dioxide. The same slip at the exhalation valve results in the return of the same 
volume of exhaled air, but this time that volume comes from the end of the previous 
expiration and contains relatively much carbon dioxide. With apparatus of the 
respirator type, or the mouthpiece-and-tnbe appliances described on p. 39), the slip 
of the expiratory valve is altogether more serious than that of the inspiratory 
valve ; if there should be a slip at the latter, ^I that happens is the re-inhalation of a 
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little 00, on the next breatli, bat if there ahonld be ilip or leakage at Hit former, 
■ome of the poiaonoiu atmoBphere paaaes direct into the longs at btbit in-drawn 
breath. 

The apparatus we employed to measure the slip of Talraa — or, more tmly, slip 
ptui leakage— is illustrated b; the accompanying figure. J. is a polsator, designed 
by Drs. Haldane, Meakins and Frieetley for another purpose, and consisting of a 
rubber concertina which can be made to moTe a definite distance between stops. 
It takes the place of the lungs, expiring and inspiring a definite volome per stroke 
at ajij desired rate. B; setting the stops nearer together or wider ^art, shallower 
or deeper breathing can be simulated. B is a metal mouthpiece, fitted with identical 
inlet and outlet vsItbb of the kind being tested. Air-tight bags, C and D, are 
attached on the inlet and outlet sides of the mouthpiece, reflpeotively. On starting 
a test, C is filled through a dr? meter with a known volume of air; its stop-cock e 
is then shut, and the bag connected in the manner shown in lihe figure. D is 
oompletelj emptied. The two stop-cocks being now opened, the pulsatoi is caused 
to respire at the rate required for a timed period, during which the number of 
strokes is counted. Both stop-cocks are them dosed, and the Tolume in the bags 
ascertained by emptying each through the meter. If the measurements were 
correctly made and there was no leakage to the outer air daring the test, the 
volume lost by C would have been gained by B. Had the valves been perfect, that 
volume would be equal to the displacement of the pulsator. multiplied by the 
number of double strokes ; the extent to which that volume falls short of the latter 
amount evaluates the slip of the pair of valves. The displacement per stroke of 
the pulsator with each setting of the stops was carefully ascertained by causing it 
to respire a counted number of times into a bag fitted with a three-way tap. The 
tap was worked by hand so that the bellows drew air from outside during inspiration 
and blew it into the bag during expiration. This " blank " experiment was in 
each case repeated two or Uiree times. In some of these tests a single-acting 
piston pump was used instead of the " concertina." 

The mean of several tests of each pair of valves in each of the stated positions 
in entered in the seventh column of Table 7. 

It can be shown that with any single-acting pump (and here the lungs behave 
ae such), if the delivery valve has a slip of S, (expressed as a fraction) and the 
inlet a slip of S,, the slip. H, of the pair is 

3_ Si + S,-2S,8, 



e conducted on pairs of identical valves, or 8,=S, 



Valoes for S having been determined by experiment, those for s were computed 
from this formula; they are to be found in the eightli column, Table 7. When S 
is not more than -08 or '09 (8 or 9 per cent.), it is close enough for practical purposes 

to take B ^- -;. but larger slips must be calculated from the formula stated. 

To o<Hnpare the resistance of passage of valvee, it is necessary to select some rate of 
flow at which the resistance can in every case be measured. In common with the 
Anti-Gas Department of the Ministry of Munitions, the standard of 3 eft. (86 litres) 
per minute was selected for the purpose. That rate will be realised at the middle of 
an expiration by a person breathing 30 to 35 litres of air per minute. 

Of the valves named in the table bcjow, the mica valve is too well known to ne«d 
illustration. The Thiry valve, first described in 1865, is that used in the Tissot 
apparatus. It is a clack of thin brass, with a brass seat. It is hinged at the top 
and is set at 45 degrees to the axis of the tube. Fig. 4 shows two such valvee in 
a Tissot mouthpiece. When the head is in its normal position or turned to the left, 
the weight of a valve assists it to close, and in those positions the slip is small. 
When tiie head is turned to the right, the weight tends to keep Che valve open and 
the slip is large; while if the wearer of the apparatus is facing down, (he slip, as 



,1,1.0, Google 



:i>y Google 



Fia. 5.— Split-tube Valve, 



Fig. 6.— Eosling Valve, shut and open. 
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Fio. 4.^TiMot Mouthpiece. 

the table shows, haa an intermediate value. Notwithstanding the carrowneas ol 
the tab» in iriiicdk it works, it« wide paaBSge-way when vpwi, taken in oanjanction 
with the fact that it allows of aimost a straight-line flow along the tube, reduoea 
the reeieiiBnoe of this valve to an unusually low figure. 

The rubber disc valve was one taken from an armj box respirator where it acted 
as inkrt. For test purpoeee it waa placed in a, metal caae attiadhed to a 1-inch tube. 
The valve is a £bc of tiiia rubber, pinned down at its centre to A grid having six 
openings through it. Thongh not particularly tight, ita behaviour is not so 
affected by its position as are those of the mica and Tbiry valves. A similar, 
though Bmaller, valve boa been tried for the Weg ajqiaratna. The so-oalled q>lit 
tube valve (Fig. 6) was made by na in the hope of getting a reasonably alipless 
valve permitting ot a straight-line flow through it. Such a valve could have been 
mounted in a tube but little larger in diameter than that of the rest of the 
aircnit. It failed, however, owing to its high resistance. 

The Rosling equare-rubbsr valve (Fig. 6) is the invention of Lieut. Hesling 
of the Anti-Gas Department, and waa adopted for box respirators by that Depart- 
ment towards the end of the war. In the larger size made for ub by the Islewortb 
Rubber Company, it comae nearer to the ideal than any we have examined. Its 
■Up is very small, its resistance is low, and it is a matter of indifference which way 
Dp it may be. Tfae experieuoe of this valve gained' by tha Anti-Gas Department 
testifies to its durability in service. The only drawback to ita application to rescue 
apparatus — and it is not a specially serious one — is that it requires to bo mount«d 
in a vaive-box of diameter considerably larger than that of the tubing leading to 
and from it. 

The last valve on the list (the MueUer valve), though inapplicable to rescue appa- 
ratus, is useful in respiration experiments if the subject is stationary, and it has 
been shown to give satiafaotciry resnlts for that purpose.* Ilie diagram (Fig. 7) 
ia of a ^ass Mueller valve used by us, and of a sise suitable for heavy breathing. 
The inflow to the valve is by the glass tube A, whicb dipe about half-an-iniA below 
the surface of the water in the jar. The water prevents any return of air up A, 
but nevertheless there is a small rise of liquid in that tube due to the resistance of 

• T. H. Carpenter, Cimaariiaa a/ Jttthodi for iWtrmJriiiio Iht Rapiratoiy ^Saw»,<V| ,JAm 
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Fic;. 7.— Mueller Water Valve. 

the companion v&lve wlien the latter is passing the air, and the volume at vatei 
raised in the tube evaluates the slip. Of those tested, the Maeller is the only rthi 
whose percentage slip increases with the volume delivered. 
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SLIP AND RESISTANCE OF VARIOUS VALVES. 
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When workiug the proper way up, when the valve's weight helps it to close, the 
mica valve is thoroughly efficient and its slip is negligible^ but if caUed upon to 
function upside down, in the manner of the exhalation valve of the Froto apparatus, 
tho slip (as the Table shows) ma; be_ serious. It is useless to cut down 
daad-space if one of the valves may fet back a large part, of the vcJume 
forced through it by the lungs. The effect of re-breathing expired air is to stimulate 
the respiration {see p. 9) : thus, the lungs automatically do their best to close a 
refractory valve; but should the GO,-absorptioD be imperfect, slip becomes a serioos 
matter and ma? contribute largely to the distress of the *wearer, and, in a more 
extreme case, to his collapse. The results set forth in the table reveal a still more 
Gerions state of affairs when the large mica valve of the Douglas respiratory appa- 
rstas is resting on its side. Now and then, as shown in the second and third lines 
of the Table, the slip in that position may not be excessive ; but as likely as not the 
valve may get caught between two of the wires of the' c^e in which it is usually 
mounted (see the fourth and fifth lines), and then it is virtually out ,of action. 
Though we have no evidonoe of the mica valve giving trouble through sticking in 
eiiating apparatus, and althougji the Douglas appliance was not meant to be used 
on its aide or upside down, the examples show that there may be risk with mica 
valv«a unless they are carefully made. 

The mica valve of the first section of tho Table was fitted with a light spring to 
ssiist it in closing. This addition brought about an improvement in regard to 
^ip in the inverted position, and reduced, to some extent, the chance of jamming 
when the disc was working on its side. These advantages were secured, however. 
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at the oxpense of greater complication and resistance, and it doubtful 
modification will commend itself to many. 

As might be expected, the tests of valves indicate that the peroentag© slip nl 
valve in any given position is less with hard than with quiet breatliin£- Tliei 
is a fortunate one. | 

KOSA Clips. — The problem of devising a no^ clip which will provide 
51'curty against accidental displacement has occupied considerable attention dor 
the fast few months. A pamphlet was issned by the Research Department ft 
in 1919, in wbicb there were illustrated three types of nose clip daiming inert 
security. The variety of screw clip sliown in Fig. 16, and adopted for 
BriggB apparatus, is an improvement on a clip described in that pantpH 
Figs. 8 and 9 are reproduced from tho pamphlet, and illustrate rcRpectiveh 
spring clip which has given aatiafuction at the Swansea Rescue Station, ai 
Qerman screw clip similar in type but heavier and leas secure. Thanks 
due to the Superintendents of the Swansea and Criimliu reecue stations for callb 
attention to these types. In each of these latter varieties the bov? of the e 
passes loosely round the metal portion of the mouthpiece. In that of Fig. 
a piece of elastic draws the two legs of the clip tognther. Mr, G. Ij. Brown 1 
also devised a spring clip similar in principle to that of Fig. 8, bat allof^ 
of some variation in the distance between the centre of the pads and the 
mouthpiece, in this way providing for differences in the length of the up^ 
lip.* If a form of clip be adopted where the bow encircles tiie metal part of 
mouthpiece, it will be advisable to use a mouthpiece attachment similar to t 
of Fig. 16, whicli practically precludes the possibility of the mouthpi 
falling out, for, with nose clips of this character, tho removal of the monthpiK' 
entails the displacement of tho clip. Another variety of spring clip, po 
a high degree of security, has been evolved by Mr. Hopwood of Altofts. 
slightly modified form it is shown in Fig, 10, where it will be seen that tb 
clip can be adjusted vertically by slipping it along a leather hand. The slnF 
abo prevents the clip being knocked ofi. 

Providing that it is held securely, the screw type of clip has the advantagt 
greater comfort. It is worth observing that an uncomfortable clip is danger 
in that, during a prolonged spell of work with the apparatus, the pressure h 
the. nose becomes almost intolerable, and the temptation to take off the clip fa 
a while is most difficult to resist. 

Face Masks. — During 1918, the Anti-Oas Department (Ministry of Munitions! 
devoted considerable attention to face masks in connection with box reepirator^ 
in order to see if a sufficiently tight joint could be secured to allow of the nost 
clip being dispensed with, and masks were evolved by the Department incorpon- 
ting certain novelties in construction and material. Late in the year, Lt.-Col. 
Raper and Major Lambert kindly described to us the course of the eiperimenti. 
and suggested a union of forces to attack this and kindred problems. 

We tested two army masks known as the American " Akron Tissot " and tht 
British " Tissot " mask. Thej endeavour to make a gaa-tight seal along practi- 
cally the same circuit of the face as the oliJ-fa.shionod rescue apparatus " helmet," 
and, owing to the grea^r flexibility of the material from which they are con- 
structed, and to a more exact regard to tho facial contour, they certainly achieve 
greater tightness at the face joint than did the helmet. At the same time, tlit 
results obtained (as will be shortly seen) indicate a degree of security inferior 
t« that of the mouthpiece and nose clip. This, together with the further drawback 
of inci-eased dead space, is sufficient to condemn these masks. 

A simple outfit for testing masks consists of a cubical box with windows, a sidt 
door, and an opening in the bottom through which the wearer of the mask can 
thrust his bead. A curtain of cloth, or wash-leather, round the bottom opening 
can be tucked round the wearer's neck, or buttoned under his coat, to prevent 
the gas escaping too rapidly. An absolutely irrespirahle atmosphere is created 
in the box by blowing in a little SO, from a syphon. The box in convenieslj; 
slung from the ceiling, so as not unduly to impede the man's movements, and 
an ergometeP (p. 54) placed under the box makes it easily possible to givs 

'See Colt. Guard., Fob. 27, 1920, p. 698. *- ■' "^Vv^ 



Fig. 8. — Spring Nose-clip uaed at Swansea. 



— German form of Screw Nose-clip. 



Via. 10. — Hopwood's Spring Noee-olip. 
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lum hard work (and bo promote heavj breathing) while he wanrs the mask. In- 
halation and exhalation tubes paasiog out of the box carry air to and from the mask. 
Resistance to breathing may be introduced by throttling these tubes, and its 
amount indicated by water gauges. Where so much depends on the shape of the 
face, it ia evident that a mask should be tried on several persons, and that 
extremes of facial cast should be sought rather than avoided. 

The clean shaven man presents obvious advantages when dealing with face 
masks; no matter how good the mask may be, it does not make a secure fit on 
a bearded or unshaven face, and a long moustache is also ubdesiraUe. These 
are limitations from which the mouthpiece is free. 

The American and British Tissot masks were tried on six persons, mostly clean, 
shaven. The former mask proved the better. It was tight in all cases when 
the subject did no work, even with resistances such as ± 8 ins. of water. The 
mask lifted off the face when expiring against resistance, and allowed air to 
escape round it ; but, when the subject was at rest, it closed back, valve-fashion, 
at the end of expiration and made a tight joint. With the majority, the American 
mask was tight when the subject did work on the ergometer, though one man 
was distressed by heat; but in certain casee, the fdi^^t tugging of the connecting 
tubes due to the short, sharp movements of the head while working, led to gaa 
being drawn in, even with relatively low resistance like ± 3 ins. of water. It 
became evident that the tubes leading to a face mask must be flexible in the 
highest degree, or that they must be arranged as in the Weg apparatus (see First 
Report, p. 10). 

The British Tissot mask was tested on five persons. It was fonnd to let in 
gas with resistances exceeding ±S ins. of water when the men were resting, 
and waa, therefore, not tried further. 

A few experiments were made with the American mask to illustrate the 
effect of dead-epaoe. By withdrawing air^samples, it wae fonnd that, even after 
inspiration, an appreciable proportion (usually about 0'4 per cent.) of 00, remained 
in the mask, representing a part of the last expiration not swilled out by the 
inflowing fresh air. As was to be expected, the dead-space held, after expiration, 
with different subjects and different degrees of exertion, from 3-3 to 6'9 per 
cent, of CO,. When the volume of air drawn in per minute was metered, first 
using the mouthpiece and then using the mask, it waa found that the CO, in 
the dead-space of the latter caused an average increase of 16 per cent- in the lung 
7entilation with subjects doing 5,000 ft. -lbs. of work per minute. 

Though our experience of face maaks down to the present has not been speoially 
promising, it cannot be denied that a thorouf'hly secure mask (if such is within 
the bounds of possibility) would be a valuable adjunct to rescue apparatus. It 
woald allow of tlte usor speaking to his companions without risk; it would enable 
a telephone connection to' be maintained between the leader of a party and the 
base ; it would also permit of breathing through nose and moutli, and do away with 
the noseclip, hesides being probably more oomfortabSe than the mouthpiece. 

fseful work on masks is proceeding at the Altofts and Wemyss rescue stations, 
and at the latter the men have been instructed for a considerahle time in the use 
.if the telephone, in which the transmitter is attached to the front of the leader's 
mask, while bis receiver is strapped to one ear. The second in command also has a 
transmitter fitted to his mask and carries a receiver in his pocket. Should the 
leader collapse during work, the second man can quickly connect himself to the 
battery box and thus to the base. Without doubt, such a manner of communication 
is preferable to signMliug, and ready mesns of ocmimunioation has a highly bene- 
ficial effect on morale; yet ai\ such eonsi derations must remain subservient to the 
question of security of the mask. The fact remains that we have yet to find a mask 
which will adapt it«elf to all faces (leaving bearded ones out of account) and which 
will make a thoroughly tight joint in the circumstances attending actual service with 
rescue apparatus. In our own attempt to solve the problem, we have worked upon 
a line sugseeted, and to some extent developed, by the Anti-Gas Department, the 
joint against the face being made by a shaped ring of rubber sponge. Owing to 'Qie 
difiicnlty of getting aapplieB, we have, however, not progressed sufficiently far witli 
331S8 C 2 
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thja type of luoak to enable a concluaion to be reached ; bnt we hope to deal with 
the matter in the Third Report. 

We have here considered the face mask as a poasible substitute for the mouthpiece, 
and not as an addition to the monthpiece. The army box respirator, as is well 
known, includes both mask and monthpiece. Such a combination may occasional); 
be useful with rescue apparatus. For example, when it became evident at the 
Front that the Germans were using lachrymatory charges in mining operations, 
the exploration of galleries after a " blow " was often carried out with Salvus 
apparatus fitted with the mask, mouthpiece and noseclip of the box respirator.* 

Flow QftUgA for Proto AppSrStns. — Fig. 11 is a section of a flow gauge deeigned 
for use with the Proto apparatus. The mode of action is the same as that described 



Fro, II.— Flow Meter for Pgto Apparatus. 

on p. 45 in connection with the Briggs apparatus, and like the latter, it is intended 
to indicate continuously the flow of oxygen from the reducing Talve. The position 
of the device when attached to tlie ai^aratua is shown by the photograph. Fig. 13, 
where it will be seen that the small circular gauge, while lying cloae to the wearer's 
body, is easily within hia view. Prior to attaching the device, the small orifice on the 
outflow sfde of the reducing valve is removed, since the resistance of the plug of cotton 
trool takes the place of that of the orifice. The principle and mode of adjustment 
of the device is described on p. 46. Though this type of meter was first used with 
the Proto apparatus in the manner here shown, it does not lend itself so well to 
that apparatus as to Dr. Briggs', since the discharge of the by-pass is in the 
former case on the in-flow side of the resistance, while in Iho latter apparatus it 
ia arranged to be on the out-flow side. 

Warning against Iba use ot tbe Anay Boz-Bespiiator, Eeds Smoke and Qas 
Helmets, and similar Appliances for Uning Puipose8.t 
There is an erroneous belief, especially among demobilised men returning to the 
mines, that the army box-respirator, which has proved so excellent a 
protection against poison gas, would safeguard a man equally well if he were 
attempting to penetrate a noxious atmosphere underground. An appliance known 
as the Eeds Helmet is being advertised in the mining technical papere, and as it is 
Recommended by the makers for use in mines, it ia necessary in the interests o( 

• LI.-C0I. D. DhU Logkii, rnlin. /. Jfin. B»i,,. LVIl, p .B3B. 

i Thu wnrning, In unbttantiBllf tbe mme temu, waa tuiud to the tMhiii«al anm andor W< 

Mth May, 1919, /■ - 1 
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FiQ. 12.— The Flow Meter ia poaition, Proto Apparatus 
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■afet; to warn mine managera Mid superintendents of rescue stations that thi« 
•tppimnce, like the army respirator, is inapplicable for mining purposes. 

Id the Eeds appliances, the air is int«Dded to be drawn through a sponge filter 
which is damped with water or other solution. Apart from the fact that the high 
resistance of the filter — much increased by saliva — makes it irapossible to carry 
out physical work while using the Eleds helmet, such an apparatus is wrong in 
principle if intended for service underground. The main risk in attacking a mine 
fire, or in penetrating workings after an explosion, is due to carbon monoxide. A 
second risk, which is seldom of importance at the surface, but which cannot be 
disregarded in mines, is that an atmosphere may be entered which contains an in- 
sufficient amount of oxygen to support life. 

Neither the army reepirator nor the Eods appliances give the least security 
against either of these dangers, and if they be used in mines, the result may be 
fatal to those wearing them. The army respirator, and, to an inferior degree, the 
Eeds helmet, will stop smoke - fur that reason they wouM give a person ignorant 
of the real danger a feeling of security when entering smoky air, and thus would 
add to the probability of his being overcome. 

This type of breathing appliance, therefore, cannot be looked upon as a sub- 
stitute for self-contained reecne apparatus. 

The Smoke Helmet aod other Hose-pipe Apparatus. — Limited in scope 

though the smoke helmet must neceasarily be, it has proved itself of service on 
several occafiions, as, for example, in fighting fires after the Senghenydd explosion, 
1913, and at the Ashingtou Colliery in the same year. In the latter case the helmet 
allowed men to use wat^r-hoses on the fire and enabled them to open separation 
doors in foul air.* 

The possibility of using compressed air (when available) as a means of feeding 
belmets has received little attention ; yet on one occasion, namely, in the attack on a 
large timber fire in the Homeatake Mine, South Dakota, U.S.A., in 1907, the 
metdiod proved successful. In that instance those *.t work with the water-jets were 
provided with leather helmete whi<^ recedved air from a oompressed' air main through 
smaU-bore hoses. t 

The ordinary smoke helmet, of which there are large numbers at rescue stations 
and mines, is a modification of the diver's apparatus; like the latter, it completely 
covers the head of the wearer, and the imitation is in many cases carried so far that 
a blow-oS valve is provided on the helmet when the loose joint round the shoulders 
makea that valve altogether superfluons. 

The smoke-helmet in its usual form has the following special drawbacks and 
dangers ; — 

(1) The flexible hose is vulnerable; it may be cut by a tub-wheel or by a falling 
stonej a heavier fall, though it may not biodc the road, may IBattui the pipe, or 
hold it and so trap the helmet-raau. 

(2) A fall completely blocking the road between the fire and the base spells 
disaster, as the helmet-man ie unable to use any other way of escape, should one 

(3) The management of the hose by the helmet-man is not easy, owing to it* 
weight and cumbrous character ; these features are such as to limit the range, 
under the conditions usually obtaining in the mine, to about 50 yards from fresh 
air. If the man is carrying tools or material, he is still further incommoded by 
the tube, and the practicable range is still further reduced, 

(4) In such work as building an earth stopping, where tubs have to be mn in, 
the tube becomes a hopeless encumbrance, and the risk of it being cut is much 
increased. 

<6) Bapid escape is difficult; if the helmet-man tries to get back to fresh air 
dragging the pipe behind him instead of coiling it up as he comes, there is a 

• F. L. Booth : UHdtT)^nll^ad Fire at Arkington Coltierg and the Uie of Iwo Smote HdmH;. trwit 
Sat. Aioi. Coll. Ifaiu. SI, p. 208. 
t Enghieering a»d Mning Journal (Km Torh), Man* gS, IMS. ; . 
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oousideraUe chaaoe of the liose getting caaght. Again, there is the ponfbilily io 
that case of him returning on the wrong side of a line of ceatre-propa. 

(6) The hissing of air entering the helmet may prevent the wearer hearing the 
warning noises given by a roof under movement. 

(7) Vision is limited : with some helmets extremely so ; and it is thas difficult 
for the wearer to make a, proper inspection of the roof. 

(8) Two persons are required for each smoke helmet as against one with each 
self-contained apparatus. 

The first five of these disadvantages are inseparable from the use of a hose, and 
cannot be removed except by giving up this type of appliance; hut it seemed to 
us probable that the last three could be avoided by substituting a mouthpiece 
attachment for the helmet, and by causing ili» wearer to draw his ait sappl; 
throngh the pipe instead of having it forced to him by a bellows or mechanical 
blower. Although the modification introduces other demerits, namely, negative 
pressure, :i more limited range of exertion and reduced cooling of the face and 
head' — drawbacks which we have no desire to minimise — the proposal proved 
feasible. 1 1 really amounts to the revival of the oldest form of breathing apparatus 
intended fo:- use in mines, for a hose and mouthpiece appliance (with inhalation and 
exhalation valves) was described in the VniveTtal Magaiine of 1762. 

No difficulty will be found in drawing air through a mouthpiece and hose, provid- 
ing no work is being attempted. The lungs are quite capable of sucking seven oi 
ten litres of air through a } in. bore tube 30 or 50 yards (and even more) in length, 
the expired products being discharged direct to the atmosphere; but when exertion 
(s involved and the volume needed increases pwhaps six-fold, it beoomeH physically 
impossible to obtain the air by drawing it directly from the tube. While they are 
powerful enough to maintain a flow of, say, 40 litree per minute along such a pipe 
when that flow is uniform, the lungs are not sufBciently strong to induce that 
volume to pass in the intermittent or spasmodic manner wiiich is ttieir natural 
way of moving air. Evidently, then, if the plain mouthpiece and hose applianoe 
is going to be of practiM^ use, 'it is neoeesary to introduce between the lunge and 
the tube something having the function of the air-veeeel of a ram pump, aaiaeij, 
that of converting a pulsating into almost a uniform flow. 

Before describing the means adopted to change the manner of flow in the hose, 
it is advisable at this point to interpolate an account of certain experiments made 
on the flow of air through a ] in. bore smoke-helmet tube 90 ft. long. The porpcee 
of the experiments was to ascertain the relation between the volume of air carried 
by the tube and the pressure required to create the flow, both when the delivery 
was steiady and n-hen it was fliictuating. The results allowed of calculations being 
made on the power expended in tihe two cases in drawing a, given quantity of air 
per minute through the pipe. The results may be of use, we think, to those dealisg 
witii oompreased air transmission, aa well as in their relation to the amc^e helmet 
problem. Air was caused to flow through the tube from a. closed tank, 3 ft. bj 
S ft, 6 ins. 'by I ft. 6 ins., from which it was displaced by wate.r. The rate of rise 
of the water surface, as indicated on a gauge glass, determined the number of 
cubic feet of air passing along the tube per minute. In the experimente on a 
pulsating delivery, a device operated by a pendulum was connected to tlie pips. 
The air was then released in gusts, with psLuses in between, thus closejy simulating 
the action of the lungs. In the oeees of intermittent flow, it was sought to obtain 
the maxivium water-gauge readings so as to get tbe " pieak " values of the T'esist- 
ance offered by the pipe, and means were used to prevent the readings being in 
error throu^ the momentum of the water in the manometer. 

It is known that when air movee with a uniform speed along a large conduit, 
e.g., a smooth-walled gallery, the resistance to passage is very nearly proportional 
to the square of the volume; it has also hem shown tiiat when ^e flow t^e* 
place through a medium such as cotton wool packed into a tube, or an extensive 
■' waste " underlground, tSie reeist^nc^ is approxJma<|ely proportional directJj 
tQ'at&e volume. In the case of a small pipe, the air-stream will neitiier be so free 
-fnoitt 'obstruction as in the first of these cases nor bo baffled as in the second. It 
Vaa, therefore, to be expected tiiai, with the hose, the index n of the formula h>= kq' 
would prove to be somewliere betweein 1 and 3, and that tlie more the hindrance 
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FjQ. 13. — Haldane's GqualiziDg Arrangement and Air Tube. 
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to the flow the nearer n would approach unity. Such indeed has been ih«i concluaion 
of previous experimenters. We ascertained the laws of flow for the hosfe in question 
to be as followa : 

{«) Uniform flow — tube linooiled : k ^ 0'87 q 

{b) Uniform flow — tube coil«d np in 2U inn. diameter lurna : ll := \-2 q ' . 

(e) Pnlaatingflow— 18 brestfan per minute — tube uncoiled : H ^^SS6 i/'". 

{d) PalBBtiDg flow — IS breaths per minate-^tube coiled Dp in 20 ins tur^ 

fl = 3-8 3 '■". 
Wiiere : h ig Ihe resistance mea'iired in inches of water ; 
H is the maximum resistance in inchea of water ; 
q is the Tolume of air delivi-red per minate in cubic feet. 

The first two of these results indicate that ooiling up the tube introduces a 
considM-able cha.ago in the nature uf flow, the lower index of (h) showing that tbe 
air is meeting with hindrance through rebound and eddying. The same degree of 
difference is not noticeable between (c) and (ij) ; here the jerky discharge is the 
dominating factor, and tbe interference to simple " sti-eam-line " flow, which 
apparently results from the pulsating discharge, is only slightly enhanced by ooiling 
the tube. 

The bearing of these results can perhaps beat be realised by considering concrete 
cases. If a man is standing still and drawing air direct from the SO-yard hose at the 
rate of 10 litres (0*35 c. ft.) per minute, tbe maximum resistance his lungs will 
have to overcome will be equivalent to 09 in. water when the tube is uncoiled 
[eqn. (c)], and 10 in. water when it is coiled [eqn. {•!)], and in either instance 
the effort will be well within bis power. But should be try, without an equilising 
device in connection with the tube, to undertake physical work requiring a 
respiratory supply of 50 litres (177 c. ft,) per minute, his langs would need to 
exercise suctions equivalent to 7'9 and S'O ins. water in the respective cases, and 
be would find it impossible to cope with snch a drag for many minutes. Yet if it 
were feasible to introduce an equllizer to cause the air to Sow in a steady stream 
along the tube, 60 litres per minute could be obtained at a water-gauge reading 
of 2'2 ins. in condition (a) or 2'6 ins. in condition (6). 

The difference between a steady and a pulsating flow is still more strikingly 
illustrated when we come to consider tbe work done against resistance in drawing 
a given volume (say, 50 litres per minute) through the tube in each instance. To 
make such a comparison we shall assume that the rate of intake of air to the lungs 
daring a breath follows the simple harmonic law; that the rate is a maximum at 
the middle point of the breath, and thnt n breath is succeeded by a pause of equal 
length. Such a mechanical precision of inflow — though almost exactly true in the 
case of an air compressor — is not, of course, followed by the lungs ; but the 
assumption is sufficiently close for the present purpose. Taking the straight pipe 
without equiliser, and a delivery of 60 litres per minute, and making use of tbe 
experimental results, it can be shown that at the middle of the breath, when both 
speed of flow and resistance are maxin\a, the lunga are required to do work at tbe 
momentary rate of 230 ft.-Jbn. per minute. It also appears that to maintain this 
int«nnittent delivery, the power expenditure per minute is 64 ft. -lbs- Had the 
Sow been a steady one, the expenditure would have been only 20 ft.-lbs. Hence 
the pulsatory nature of the delivery increases the power spent in overcoming pipe 
resistance in this instance in the proportion of 2'7 to 1, while the peak load is 
11*6 times the load to be borne when the flow is continuous. 

The two forms of equitizers shown in the figures, while not aUe altogether to 
steady the flow, go sufficiently far in that direction to make physical exertion much 
more supportable while wearing the apparatus. 

The original form of the arrangement, illustrated by Fig. 13, was devised in 1914 
by Dr. Haldane for use in tbe turrets of battleships if the air became foul by gases 
from the guns, and for tise in smoke or foul air in other parts of the ships. It is 
made bj Messrs. Siebe, Gorman & Co., and was demonstrated at a meeting of 
the Institution of Mining Engineers in 1915. In this device the corrugated rubber 
tubing between the mouthpiece and the hose collapses in the manner of a concertina 
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during inspiration, whili: -during expiration it oloDgateB again and so fills iteelf with 
air. For nse in mines, wider coUapeible tubing was introduced so as to allow of work 
being done at long distances if naceBsary ; even at a distance of SOO yards sufficient 
air L^an be obtained ; bnt in ordinary practice the apparatus is only used for work 
At shorter distances, as in gob-fire operations or in exploring cavities and otlier 
places filled with irrespirable gas. At first saliva caused trouble in tbe collapsible 
tube, and to avoid this, the saliva trap was introduced, as shown, and afterwards 
tbe spear expiratory valve was applied in the same manner as that of Fig, 14. 

fu the latter appliance, designed independently in Edinburgh, the wearer carricG 
^11 his back a bellows-shaped hag which is connected by a T-piece to the pipe feeding 
the mouthpiece. The bag ia constructed of balloon fabric mounted on strips of stetil, 
which are bent round the sharp upper angle of the bellows and thus form the frame 
of both the back and the front of the bag. These strips always tend to open out 
and thus to keep the bag distended. Their action is further oaaiated by a coiled 
spring inside tbe bag. When the wearer exhales, the bag, which had been partially 
flattened during the last inspiration, recovers itself, and in so doing draws air 
through the hose. On the next breath air ia taken botli from the bag and the 
pipe. The effect of the bag is tbns to maintain a flow in the pipe during both 
strokes of the lungs, and so to smooth down the peak loads whoso adverse influence 
has been discussed above. The mouthpiece has a Hosling inspiratory valvo and a. 
spear expiratory valve, and the saliva discharges througb the latter. The apear 
valve is protected by a metal guard. 

Tbe Electric Head Lamp.—The use of tbe miner's electric head-and-belt lamp 
has spread enormously during the last few years in the United States and Canada, 
where it is said that 160,000 are in use. Certain of theaa lamps, e.g. the Ediaon, 
Hirsch, Wico, Concordia and Pioneer, were approved by tiio U.S. Bureau of Mines 
for use in gassy mines after having been tested for safety, strength and aarviceable- 
ness.* The majority of the gassy mines of Pennsylvania (bituminous district), for 
example, are equipped with Edison lamps. It speaks well for their security that, 
during 1918, for the first time in the history of that field, twelve months went by 
without a single man being killed from an explosion of gaa or dust in the bituminous 
district, the output of the area for the year being about 300 million tons.f 

In Great Britain, it is natural that Scotland snould lead in experin^enting witb 
the head lamp, owing to tbe prevalence in the naked-light mines of that country 
of the small spout-lamp which is carried on the cap. Excellent electric lamps 
of this kind (made at the mine) were in daily use teu years ago at the DalmeRf 
oil-shale mine; they were much liked, but had eventually to be withdrawn as they 
were not approved safety-lamps. J Credit must be accorded to Draeger for first 
applying a head lamp to rescue apparatus. 

Believing that the electric head-lamp had valuable features for rescue work we 
obtained one from the United States, and put it into service at the Edinburgh 
rescue station 18 months ago. It has met with general approval and forms 
the subject of a recent paper by Mr, J. Cooper, S who discussed the lamp 
mainly in its application to rescue operations. For such a purpose the head-lamp 
has the outstanding advantage over the electric hand lamp that it leaves both 
hands free. In operations such as that shown by Fig, 15; in travelling or carrying 
a stretcher in a low place; in applying artificial respiration underground; in 
handling a water hose or using a portable tdephone, to have two hands available 
and yet to get a good light thrown upon the point at which the eyes are directed, 
is of incontestable value. 

W. WALKER. 
J. S. HALDAME 
H. BttlGGS. 

• Pp.rntUHUe Electric Lampi for Maeri hj H, H. Clark, WaBhington, 1914; Approntd Eleclrk 
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Fia. 14. — Bnt^a Equalizing Anangement and Ail Tube. 
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Fia. 15.— Gleotric Head Lamp in ITae. 
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Fio. 16. — Brig^ CompreBeed Oxygen Rescue Appuatiu. 
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APPEVDIZ L 

THE BRIGOS COMPRESSED OXY&EN MINE RESCUE APPARATUH. 

(<t) G-eneral Airangflmeilt. — In designing this apparatus it has been the aim to 
iroduoe an appti(Lnce capable of satisfying the needs of the irearer irhile he is 
mdertaking the hardest work, and one with which the least possible port of the 
naa's attention is directed to the apparatus, so that he maj be free, with both 
>rain and hands, t« oarrj out the duties he has to pe«^orm. 

Fig. 16 shows the apparatus being worn, and Fig. 17 (not to acale) is its flow- 
liagram, the arrows indicating tha direction of the air-stream. 

The oxygen delivery, like that of several other apparatus, is set at thf 
uniform rate of 2 litres per minute, and is augmented, when occasion arises, 
by means of a by-pass. Earlj in the research, attention was directed to the self- 
regulaiing oxjgen-feed devices first introduced by Gartorth, and developed more 
recently in America by Gibbs and Paul. It vao recognised that a maximum economy 
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Fia. 17.— Briggs Rescue Apparatus, flow diagram.' 
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in oxjgfia maj be realised with eadL derioee, and, tlierefore, that if a portj wen 
trapped b; a fall of roof on their line of retreat, the apparatus would sustaiD ta 
mea (sitting stilt) for a long time. The self-regulating feed, however, was not 
adopted for the new apparatus because it is believed that, no matter how perfect 
mechanically that kind of feed may be, its drawbacks outweigh its advantagi^. 
In most of the work to be done by rescue apparatus 2 litree of oxygen per minule 
are more than sufficient; the excess, which blows off, serves the useful function 
of clearing away nitrogen from the circuit. In this country we have had, and 
in certain areas still have, the trouble of impure oiygen. Impure oxygen i: 
especia]ly dangerous in apparatus with automatically-controlled vaJves, sinw 
an accumulation of nitrogen within prevents deflation and thus prevents the oxyg«r 
feed functioning. Accidental inward leakage, as at the mouthpiece, thougt 
insufficient to give rise to distress from 00 (if present), siay add sensibly to thi 
residue of nitrogea. To obviate the eSecte of nitrogen- accumulation in such ai 
apparatus, it is eitljpr necessary to by-pass systematically or to arrange for : 
continuous slow discharge to waste from some point of the apparatus normallv 
under positive pressure; the former method deflects too m^uiii of the attention of 
the wearer to his apparatus, and the second involves an additional complication, 
while both methods seriously detract from that economy in osygen consiimptioii 
which is the main advaiLtage of the automatic control. Further, the automatic 
feeds BO far designed are mechanically more complex than th^ constant delivery 
valve, and correopondinigly more apt to be thrown out of adjustment. 

Similar reasons decided against the adoption of the variable oxygen delivery 
adjusted by the wearer; the nitrogen evil is almost equally pronounced; the risk of 
failure throu^ under-feeding is much enhanced ; proficiency is more difficult to 
acquire and maintain, and far too much of the man's attention is engrossed by kis 
apparatus. 

In the present apparatus, the possibility of a team being trapped and having to 
eke out its oxygen as long as possible has not Heen overlooked, and is referred 
to below. 

The apparatus is altogether oarried on the back (in this respect reeembling tbe 
ft'eg, Tiseot, and Oibbs), tbi» giving freedom for the arms. 

The body btAt is the three-inch, webbing, infantry belt which proved itself so 
admirably servioeahle during the war.' The elings, which are padded at tbe 
shouldere, are of narrower webbing of the same quality; their lengths are adjusted 
by aid of a simple device. The slings are connected to the frame by means ot 
spring hooks. 

The parte of Hie apparatus are supported on the back by the frame F (Figs. IG 
and 17), which is of steel aeroplane ttibing, 1 in. in diameter, weighing } lb. to the 
foot, and made by the Chesterfield Tube Co., Ltd. The frame also con»titut« 
(he greater part of the breathing circuit. 

The mouthpiece, flexible tubes, T, and purifier, P, make up the remainder of 
that circuit. 

The flexible tubes, T, which pass over the shoulders, are those which were provided 
with the first pattern of Army box respirators. They are highly flexible and durable 
and have no wire rings. 

As Fig. 17 indicateB, the air leaving the mouth passes through the valve T,i 
and having circulated through the purifier, flows along the part of the circuit 
marked " cooling tube " and enters the bag at A. On inspiration, the air is drawn 
from the bag through, the valve V^ and into the lungs. The oxygen stream ent*r' 
the circuit at D. 

(b) OzygSD Of lindsr. — The oxygen cylinder, C, is 13 inches long and 4i inches in 
diameter. It holds 290 litres of oxygen at 120 atmospheres, and about 360 litres 
at 150 atmospheres pressure. For practice purposes the former pressure will enstire 
an ample supply for two hours, while under emergency conditions, by raising the 
pressure to the latter figure, the supply may be made sufficient for at least 2^ hours. 
The weight of the cylinder, without valve, is 7 lbs. The test-pressure is 235 atao- 
apheres, at which pressure there must be no permanent set. The cylinder is mode 

* Supplied by the Hilla Equipment Co., 56, Victoria Street, London, E.C 



48 

by Uie Chesterfield Tube Co., Ltd., and the Reaearch Committee is considerablj 
indebted to Mr. H. Trevorroir, of that Company, for his interest and energy in 
producing -this article to Dr. Briggs' epeciiicatioa. The Committee ia also under 
obligation to the officers of the Technical Department of the Air Ministry, whose 
pioneor work on light cjlinders during the war has been of much value. The metal 
used is a. high grade carbon steel, having an ultimate tensile strength of 40 to 
50 tons and a yield point of about 33 tons per sq. inch. The extremely light Air 
Ministry cylinders designed for aeroplanes were made of the same material, but as 
the metal remained under strain after manufacture, they could not be regarded as 
Bafe to use for any considerable time. The present cylinder, though heavier ^an 
the Air Board pattern, does not raise the same doubt as to persistence of strength; 
it is annealed at the works at 700° C. and the metal normalised — i.e., relieved of 

Instead of being rigidly attached to the rest of the apparatus, the cylinder 
is secured to the lower horizontal member of the frame by two stout leather straps. 
Metal loops prevent it shifting laterally. 

(g) Oylindei Valve.— The sunk-spindle valve of the Titan type, shown in Fig. 13, 
was designed with the object of getting a valve of the least weight and greatest 
compactness ecHnpatible with strength. After opening a valve with the key (Fig. 19), 




FiQ. 18.— Sunk Spindle Cylinder Yalve, Briggs Apparati 




Fia, 19.— Key for Sunk-spindle Talve. 
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the leader of a team screvs on the cap covering the sunk epmdle, tightening it 
meons of the spanner-end of the key. Is thi« way he gnards against losB of oxjj 
along the valve spindle and makes doublj certain that there can be no tamperi 
with the valve whiie the apparatus is in ase. Such a valve precludes all poasibili 
of it being accidcntallj closed, and offers little or notliing to catch against 
projection in travelJing in a narrow road. 

{d) Oxygen Teed Valve Oeai. — Fig. 90 is a copy on a reduced sc^e of th 
working drawings of this important port, which lies against the left-hand side oi 
the body at the level of the waist. The gear comprises the reducing valve, by-pass, 
pressure-gauge and flow^meter ; it is connected by a stout union, C, to the cylinder. 
The high-preesure part of the gear is of gun-metal; the rest is of aluminium. Sj 
thoroughly tinning the gun-metal centre with " kalyon," an alnmininm self-fluxing 
solder, it has been found practicable to cast the aluminium direct upon that centre 
Mid to ensure a medianicolly strong and gas-tight junction of the two metals. ^ 

The reducing valve, B, is of the single-lever variety, the lever being pressed ' 
against one side of its box by a spring, iS, which makes sure that the vulcanite 
valve has no transverse movement on its seat. No rubber enters into the oonstruo 
tion of the reducing valve; the diaphragm. A, is a 3-inch Qerman silver aneroid 
diaphragm made by Messrs, Short & Mason, London. The metal diaphragm allows 
of a delicate regulation, and is very susceptible to pressure changes; it has tbe 
obvious advantages over rubber that it does not " perish," that it is stronger, and 
that its flexibility does not depend on temperature. 

From the reducing valve box the oxygen flows through ihe resistance, r (Me 
below), into the by-pass box, and thenee through a 4 in. piece of stout rubber 
pressure tubing into the breathing circuit of the apparatus. 

The by-piu*, B, is worked by the pressure of the wearer's thumb, and shuts 
under the actitm of a strong spring immediat«ly the thumb is removed. The 
ndvantage of hoviag a by-pass wiiiolr can be operated instantly and which is 
self-closing, will be evideat to all who have uaed T-escue apparatus. The opMiing 
at B is covered by a disc of strong leather or balloon fabric. The lever is only 
permitted to have a, very small movement, to prevent the vaJve suffering under 
too hard a blow when the thuntib is suddenly taken away. The guard above B has 
been addf>d at Mr. Walker's BUggestitm to reduce to negligible proportions the 
risk of the push-button being aocidentally htid down by contact, e.g., witii a 

The gauge, G, has two reading points and a double scale. The front scale 
registers the cylinder pressure, and the back one the rate of flow of oxygen in 
litres per minute. The wearer can thus see at a single glance the extent of his 
oxygen reserve, and whether the proper discharge is being maintained. The 
reading window is arranged around the edge of the gauge cover, and, as glass 
is out of place in a rescue apparatus, it is made of non-inflammable cellukiid. 
Applying a suggestion of Mr. W. Harris, of Llanharran, the act-called " radium " 
composition has been used to enable rough readings to be taken witiiout having 
to shine a light on the gauge. Luminous spot« are placed on the eade of each 
pointer, and thei zero and 120-atmos. divisions of the pressure gauge and the 
2-litre division of the flow-metre are similarly marked fay luminous apots of 
distinctive shape. Both, gauges are of the Bomrdoo type and of ordinary 
commercial construction. They ore arranged back-to-back in the same casing. 
No iron or steel is used for pointers or for any other part, ao that the gauges, 
along with the rest of the apparatus, can be tested for leakage under water 
without tear of nisting. 

Ah with the Weg and Tiesot apparatus, the gauge, while being rigidly and 
strongly connected to the cylinder, is within view of the wearer. It does not, 
however, project far enough to the front to be in the way when crawling; indeed, 
Ihe manner of suspending the cylinder ensures that, while on all-fouTs, the 
oxygen feed gear and gauge automatically swing up and so give freedom for the 
arma. Thin mode of attaching the gauge removes the necessity of a flexible 
conn^ion between it and the cylinder. A high-pressure, flexible connecting tube 
has three objections ; first, it is vulnerable and mechanically a weak point ; 
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secondlj, it is apt to get iu the wearer's wayj and thirdly, it entails tbe gaiigti 
being placed in a pocket, making it necessary to free one hand to extract the 
gauge to read it. 

From the manner of connection (Fig. 20), it will be seen that the fiois-meteT is 
merely a gauge roistering the pressure in the reducing valve bos, B. Ah has 
been alroady stated, tbe oxygen has to pass the reeistanco, r, in order to escape 
from the reducing Talre box. Thu resistance takes the place of the fine orifice 
placed on the out-flow side of other reducing ralvee; it oonsiats of a packing 
of cotton-wool. The .tightness of pB<^ing can be adjusted by a screw, E. In 
practice it will be found that, once set, the need for readjustment <rf the resistance 
occurs Tory infrequently. In setting the reeistance, the regulating screw of the 
reducing valve is given a mid-poeition ; the oxygen discharge noEile is connected 
to a rdiable litre-meter {Firtt Report, pp, 31, 32, 33) ; the oxygen is turned on, 
and the screw, £, adjusted until the flow-gauge of the apparatus reads the same as 
the litre-meter. A discharge of about 2 litres per minnte should preferably be 
selected for the purpose of this adjustment. Tbe reason for adopting a resistance of 
the type described instead of tho small orifice ie two-fold ; in the first place, as 
tbe number of paths of flow for tlie oxygen through the wool is extremely 
large, the chance of the channel being blocked by rust particles which have 
. managed to evade the filter is almost infinitesimal; and, in tJie seoMid place, with 
a resistance of thie type, the rate of flow is almost directly aa the pressure causing 
it, instead of being proportional to the root of the pressure as it is in the cese 
uf an orifice. In other words, we nearl; attain, by theee means, to a parallel of 
Ohm's law, and in so doing, the flow'gauge scale-divisions become almost of equal 
vidth in place of being awkwardly crowded together at one end of the scale 
and few aad far betwerai at the otoer. 

(e) Ths Pnriflflr.^Tho purifier, or regenerator, is of a form which lends itself to 
being re-filled at the rescue station. It oonsists of A strong, rectangular, tinned- 
metal case divided into two compartments by a horizontal partition. The canister 
is so made that its strength and security depend as little as possible on solder, 
since plain soldered joints continually in contact with caustic soda soon deteriorate. 
In Fig. 17 tho left-hand end of the oan forms the lid> The lid has a flange, 1 in. 
deep, which fits over the body of the can. Many methods were tried of attaching the 
lid to the body, and were discarded, one after another, because of their complexity or 
becanse they gave insufficient security against leakage. That finally adopted was 
to run a thin strip of tin round the joint and solder it to both lid and body- 
So sealed, the canister oan be quickly opened, as a bnlly-beef tin is opened, 
by tearing off the strip, and neither lid nor case is damaged by the operation. 
One quickly becomes expert in making such a seal with the soldering iron, and thk 
small additional trouble involved is repaid by the safety and strength of the joint. 
The solder, being external, is not in contact with the alkali. 

Into each compartment of the canister there slides a carrier consisting of n 
trough-shaped piece of thin tin having upright ends of stout gaUEe. The top ol 
the carrier is open. After the two carriers have been filled in the manner described 
below they are poshed into place, the lid is sealed on, and the cartridge is ready 
for use. 

The caustic soda absorbent is supported in each carrier upon twelve light trays 
of stamped or crimped gauee, each tray being 7) ins. by H ins. The weight of 
metti in the purifier, including the carriers and gauses, is 4^ lbs. 

Three essential conditions have to be fulfilled in regard to the support of the 
Bbsorbeoit in tbe oartridge. These oonditions are; (a) the alkali must be uniformly 
distributed between the trays and over each part of a tray; (b) each individual 
granule or stick must have plenty of room in which to expand, and (r) the granules 
or sticks roust be so caged that when the cartridge is jolted, they are prevented 
from moving out of place and accumulating at one side or at one end of the box. 
In the conrse of a long series of experimente, three methods of crimping or rooMd- 
iug the gauze trays (together with the necessary dies and other devices to perform . 
the orimpling) have evolved which may claim to satisfy these conditions : 

(1) The first method (first tried in 19^7) is only suitable for canstic sticks; 
granules tend to shift if tbe cartridge is jolted while standing on ita end. Tho 



ordinarj caustic soda atiek having proved unsatiBfactorr for the parpoae, Uetut. 
Oosfield, Ltd., of Warrington, kindlj made up a quantity of sticks jV '"' '" 
diameter irhioh gave nicellent results in the fluted gauEes of Fig. 21. In tliia 




FlO. 21. — Fluted Oauze for PuriSer, Briggs ApparatuH. 

arrangement the gauze in each compartment of the purifier is in a single length, 
it being crimped in a special machine to form — as the figure shows — a number cl 
straight channete, constituting a set of air passages " in parallel." The diameter 
of each tubular channel is i in. The crimp being placed on end, the aticks are 
dropped into the channels. The onl^ objection to the method b the expense ot 
the thin caustic sticks, whose cost vrill probabi; always lead to tjie second or the 
third method being used in praotice. 

(2) In the second manner of crimping, dating from 1918, the gauze trayp ar« 
preferably made separate instead of being connected together in one piece. Other- 
wise, when the trays are in position, their cross-section is similar to Fig. 21; bat 
if a channel be followed down, it will be found to be obstructed at three or four 
points along its length, either by cross-rolls in the gauze, or by the channel 
suddenly stepping half its diameter to one side or the other, or by aid of same 
equivalent expedient. In this form, the trays (which are loaded from above) sr« 
suitable for receiving granules, since the obstructions prevent the granulee getting 
shaken to one end of the box, and thus prevent the cartridge choking soon 
after it is put into use. Cartridges filled in this manner have given excellent 
reaults. 

(3) A useful variant on the latter arrangement was suggested by Lieutenant 
Rosling in 1919, The gauze trays are made to receive hex agon al-depressiiHis of 
the character indicated by Fig. 22, which is a photograph of one half of ibo 
die used in pressing the trays. The caustic granules are scattered evenly in the 
depression. By turning the trays alternately end-for-end when putting them 
in the carrier, the ridges are "staggered," i.e., a ridge is made ba lie under 
a depression of the tray above, and vice verm. The arrangement has proved very 
successful; it ensures the granules staying in theii proper places no matter how 
the cartridge may be shaken after filling. 

In each of the methods described, it is found advisable to insert three stripe 
of blotting paper in each compartment. One strip lies at the top, where it beniis 
up against the roof of the compartment and makes a sufficiently tight closnrs 
at that place ; the others are respectively placed between trays at one-third and 
two-thirds of the depth of the compartment. The latter strips* catch and spread 
any drops of caustic solution falling on them.' 

By the use of the forms of cartridge described above, it has been possible to 
get highly efficient absorption oE CO, and very low resistance. The latter reanlt 
has been secured by splitting the air, so that it traverses a compartment hy » 
considerable number of parallel paths. 

The purifier is attached to the frame by two stout brass unions, which are 
provided, in place of the milled nuts commonly used tor rescue apparatus, with 



* Attempts were made in 1917 to pUoe the gmnn 
noEs, but the idea wh speedUy abandoneJ u the ci 
ID the eartridf^. 



Fra. 22. — Die for itamping Osuie T»yi, Biigge Apparatus. 
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heiogoDal nute to enable them to be seciirdy tightoned bj a key. At the middla 
of the opposite end of the can there projects a thort brau knob, which engage* 
with a strong and simple cai«h and forms a third point of support for the 
cartridge. 

As the results reveal (p. 52), a charge of 2 Iba. of caustic granules is adequate 
to outlast the osjgen supply during the walking teet outlinett on p. 22. In 
an actual emergency, howeTer, and especially if the apparatus has to be used 
in a hot place, it is preferable to employ 4 lbs. of granules : not on account of 
carbon dioxide, but because the heavier charge gives oooW air. So far as carbon 
dioxide is concerned, it is found that ■ 4 lbs. charge in capable of abstracting 
the CO, discharged by a man walking at 4 miles per hour for 31 hours, at the end 
of which period the CO^ in the inspired air rises above 2 per cent, (tee p. 53). 

if) InanJation of Purifier. — The purifier is heat-insulated, not only at the side 
nearest the wearer (where there is also an air-space between it and the man's 
back), but on all six sidw* 

The principal reason for enveloping the can as completely as possible with 
nn insulating medium, is to prevent, or, at any rate, considerably to reduce, the 
dripping of the caustic inside. Dripping is due to the over-accumulation of 
moisture by particles of soda which, under the influence of increasing warmth, 
become more and more fluid and finally fall. In falling, a drip probably collides 
with another moist granule and induces that also to drop through the gause. 
Sometimes a vertical channel, altogether clear of caustic and running the com- 
I)1et« length of a compartment, has boMi observed to form in this manner. Such 



Fig. 23. — Method of Insulating Purifier ; Briggs Apparatus 



" channel becomes an easy path for the air, which passes through without being 
properly scrubbed. Usually these channels tie against or near a cool metal surface, 
»'hich has donbtlees acted aa a condenser of moisture during the early part 
o! the " run '^; and hence the need for covering such surfaces with a non-con- 
ductor. After trying several others, a light and stronE insulator was found 
in the material called lentheroid, supplied by MesBrs. Micanite and Insulator Co., 
Ltd., Walthamstow, London, E. The mode of application is illustrated by Fig. 
^ trhere a is part of a cartridge and b the leatheroid cover. The latter is 
termed of two sheets, one corrugated and the other plain, which are fastened 
t'other by small dnralumint rivets. The corrugated side is placed in oontact 
with the can. The envelope Is in one piece. 

(j) The Bag.— Like those of the Douglas respiration apparatus and the Gibbs 
rescue apparatus, th« bag is wedge-shaped. It lies on the Ehoulders and has a 
capacity of about six litres. The bottom, the two V-shaped aides, and the part 
"hich lies against the wearer's back are made of stout balloon fabric supplied 
iy the North British Rubber Co., Ltd,, Edinburgh. The remaining side, /, 
^ig 16, is a kheet of duralumin or bras which has been blackened by chemical 

' The only other brenthing mpparatas with R completely Bnctosed cartriilgB is the Weg. where tin 
•Kti'dgt it carried in e. leithar «Ee. 

t Sura'uHiiH — This valua,blfl a,lloy — freqnently meDtiuned in the ooorae of thia deacriptina — is made 
I>J Menn Tickers & Sons. Its spooiGc gravity it spprazunately that ut alomiDiDm, sod iM Btren^ 
MMr proper hrat ireatment) neady thittotmildsteel. It is tougher aud springier than slDmioinin and 
tamt excelUot scnw threada. 



48 ' 

meana (not by paint or lacquer) to obtain a good radiating anrFace. The sheet is 
hung from a horiiontal member of the frame by strong hingee. Three advantageG i 
proceed from having this outer side of the bag of metal : (1) An additional radiating 
surface is obtained io aaaist in cooling the regenerated air; (*2) The sheet affords ' 
mechanical protection and considerably reduces the chance of the bag being torn 
by a sharp projection; and (3) Excepting vhen there is a large leak in the breathing 
circuit, the weight of the sheet maintains positive pressure within the circuit. 
In the case of a large leakage the bag flattens and cannot be kept distended. 

The coupling to the bag is snch as to prevent the metal side suddenly closing , 
th» pipe leading from the bog when the latter is sucked almost empty. j 

By carrying the uprights of the frame outside in the manner shown by Fig. IB, 
one guards against the bag being suddenly pressed flat. 

It is only when there is a serious leakage that the bag is drawn empty towards 
the middle of a breath. In normal use, when the bag is becoming deflated through ' 
the consumption of oxygen being in excess of the feed, the metal flap is first felt 
to touc^ down at the end of an inspiration ; the by'pa£8 is then pressed and the , 
hag re-inflated during the next expiration. 

(ft) The ItuplTfttory and Expiratory Valves. — For reasons which follow from th« | 
results of the tests on reecue apparatus valves described on p. 33, the breathing 
valves adopted ar» of the Bosliog pattern aJid of a siee specially made for the j 
present apparatus by Messrs. Tbe lBlewc»t>h Rubber Co., Ltd. The valve boies 
are attached to the tubular frame at its topmost points. By making the boxK i 
also serve as unions oonnectjng the frame and the flexible tubes, two joints aie 
eliminated. The boxes, which are shown in section by Figp. '24 and 25, are of 
duralumin. The screws have strong, coarse threads, the unions be.ing meant to bf 
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FiOB. 24 AND 25. — Expiratory and Inspiratory Valves, Briggs Apparatus 
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tightened h&rd bj a. key inatead of screwed up bj ba.nd- The rubber valve U 
c«xried by » hollow thimble, (,, f„ which is of identical pattern in each caae. 
Matters have been ao arranged that if either valve be put into ibi box tiie wrong 
wa; np, the union ia prevented from engaging ita screw; alao that if a valve be 
omitt«d, it ia impoBgible to tighten the joint, owing to 'Jie female screw of Ha 
union being cut awaj at a,, a,. Again, it is made impossible for the half-jrant 
belonging to Uie flexible inhalation tube to be oonpled in mistake to fiie exhalation 
side, or vice veria. In other words, there is only one wa; of oonnecting up these 
joints, and that is the correct way. 

fj) Tht Belief TalW.— The valve is placed at B, Fig. 17, where it dieohargea 
condensed moistore as well as oKoeea air. It functions sutomatioaJlj (being set 
to bk>w off at about 4 ins. water oolnmn), and it can ako be worked by hand if 
desired. Fig. 26 is a section of the valve showing how it is fitted in the braw 




Fig. 26. — Relief Valve, Briggs Apparatus, 



angle-piece. Because of its proximity to the purifier, the moisture draining into 
it is often alkaline, and thns neither aluminium nor aluminium alloy may be used 
in its construction. 

(A) The InUBe.— The steel tubular frame is silver-plated. As it is advisable to 
iKinserve the heat as mndi as passible in the expired air flowing tow«de ibe 
purifier, the,portiou of the frame between the expiration valve and the cartridge 
is left bright, so that its heat-emissivity may be a. minimum. The remainder 
of the frame serves as a cooling tube; the silver plating of that part is therefore 
sulphided to obtain a dull black surface of high emissivity. 

(I) Tho SaUva-tP«p and MontlipieW.— (1) The metal portion of the mouthpiece 
is of tlje Tissot pattern, and ie shown in Fig. 27. It being preferable to catch 
the saliva as near the mouth as poswble, the aaliva-trap and metal mouth-fitting 
are made in one piece. A simple conical val™, controlled by a spring, enables 
the trap to be emptied. To clear the saliva trap, tiie valve is drawn down and 
a sudden pnfl of air is ejected from the longs, when the ealiva ia throwra ant in 
32198 ^ 



A forward directioD. The vulve stalk is tnen released. When the rolve is abut, 
the ealivA accumulB'tiDg above it makee a moat effectuaL seal. Devices were con- 
sidered having the object of automatically cloaing the conaectioa between the trap 
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Fig. 27. — Mouthpiece and Saliva Trap, Briggs Apparatus. 

and the mouth when the dinoharge valve wae opened. Snob a precaution ie now 
deemed unnecessary. The natural thing to do in spitting is to blow out; not to 

Tissot's saliva-trap has been improved by adding the inclined strip, a, (Fig. 27), 
H'hich makes it impog^ible for the saliva to run back into the month, no matter how 
the head miay be held. 

(2) The rubber part of the mouthpiece has ueeu designed for attachment to tae 
nead-drese described below. It can be obtained from Messrs. J. E. Baxter A Co., 
Leyland, Preston. For the sake of safety, the flange has been made as large as 
is practicable. The lugs gripped by the teeth are in all dimensions, terger than 
usual. With other mouthpieces the lugs are so thin that the teeth have to be 
closed to get a firm hold. The reeistance ia heavy breathing through clenched 
teeth is very considerable, and when doing hard work whik using a mouthpiece 
of an old design, anyone with a complete set of teeth is compelled to release tfaf 
lugs and to open the jaw9. To enable the grip to be maintained during heavy 
OKertion, the lugs of the present mouthpiece are thickened. In Fig. 28 the man 
is wearing an ordinary mouthpiece,' which was cut level with the flange to make the 
teeth more visible, and in Fig. 29 he is using one of the new pattern In the 
first photograph the teeth are closed; in the second they are open. 



Fio. 28. — Position of Teetfa when niing ordtnar; mouthpieee. 



Fio. 29.— PoBition of Teeth when using mouthpiece of Briggs Apparatus. 
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To UBisb in making the hold on tha lu^ mora lecure th«; an, lik« tka «tsm ok 
a tobacco pipe, moulded with swellings at their estremitiea. Mr. Wiabora called 
attention in 1918 to tbe desirability of such svellinga; a recent Weg moathpiece and 
one variety of the arm; mouthpiece also have lugs with thickened enda. 

There are no tapes fastened to the mouthpiece ; their absence facilitatea die- 
infecting. 

(m) Btaddnas and H05ecUp.~The cap is of skeleton pattern, wide boles being 
left to allow of ventilation when working in a hot place. The circumstances 
of any case will decide as to the advisability of using a further head covering in 
addition to the skeleton cap.* The cap is made of sail cloth, strongly bound at its 
edges with wide bootmaker's braid, and at the front elastic bands are provided 
to enable the cap to adjust itself to the wearer's head. These bands are similar 
to those used by the Oermans for their gas helmets during the war, each consisting^ 
of two steel springs enclosed in cotton fabric. Tbe springs are silver plated so 
as to be unaffected by moisture. Unlike rubber elastic, this variety does not lose 
its " nature " in course of time. The cap serves to support two cheek plates 
(due to Lieut. Rosling) to which the nose clip and rubber mouthpiece are hooked. 
A cheek jJate is of duralumin with a layer of felt riveted to the side which lies 
against the face. The bands supporting the cheek plates are specially made of non- 
fraying webbing by Messrs. Bawle, Jermyn Street, London, S.W., and each can be 
adjusted in length by a simple wedge device. 

The nose clip is of the screw pattern, and was developed from a clip that has 
been in use at Wath Rescue Station for some years. Being secured to tJw cheek 
plates in the manner shown by Fig. 16, the clip is difficult to displace, and its 
security is increased by the metal bridge of the clip passing under, instead of over, 
the nose; there is thus nothing projecting in front of tbe nose to he caught or 
to be struck by a chance blow. In addition to its security, this clip proves most 
comfortable to wear, since the degree of pressure upon the nostrils can be regulated 
■o as to be sufficient to close them without being exceasive-f 

(») TtnutgtJU!^ OzygSD Ftsd.— As has been stated, the captain of a team carries 
the key (Fig. 19) with which the oxygen cocks are turned on. In the case of a 
team being trapped and unable to return to ite base, it is int«nded that the 
captain should, by meana of the spanner e>nd of tlie key, remove from the reducing 
valve of each apparatus the adjusting screw and spring controlling the pressure 
on the diai^ragm. It will then b« found that the valve gives an osygen flow 
of about 0-4 litre per minute, which is sufficient to sustain a person sitting or 
lying still, especially as tbe by-pass b always available in case the supply needs 
to be supplemented. In the rare, but nevertheless possible, contingency under 
consideration, a team would in this way be enabled to eke out its oxygen for 
many hours. 

(o) Weight. — ^The eom[det« apparatus, charged with 3 lbs. of caustic soda 
grannies, weighs SO lbs. 

Secotd£ (rt Tests with tbe Brlgga Apparatus,— The apparatus has been sub- 
jeeted to a number of tests carried out by various persms. These tests uniformly 
involved greater respiratory esertion than is likely to be needed, in the same length 
of time, during actual service in the mine. 

In all caeee the reducing valve was set, flt the beginning rf a "run," to give 
2 litres of oxygen per minute. The purifier was charged with granulated caustic 
soda of the weight stated in each instance. The temperature rise is the difference 

■ It is of intersBt to it»te that ae early a^i 1906, an op^nworlt can was used with the Weg ipparatns. 
In that initance, the omwn of the rap wm of atring net. The object, a!< in the preaent inatancej wm 
to provide copiooa ventilation for the he^d. 

t Barly in 1919, the Department ot Scientific ar.d ludu'tria! Research, at the desire of the Mine 
Rewne Apparatus Reaiaroh C.mmittee, ieaued a pa-nphlft on "oso clips. The pimpUet 
iUnrtrated a clip reBombling that described above and a modified Proto skull cap to which the 
■tlip was attaiAed. The preaeat headdreae ii an advance on that of the pamphlet. About SO of 
the combined headdreM noaaolip and montbpieoe ot P^. 18 were dirtribnted to rescue station 
iutroetora and others toward! the middle of 1919. 



Wtraeil tiks t*mp«rfctare of the hwpirod air and UiAt of the onteide atmosphete. 
CarboD dioxide det«niiinatii>iis were made witii the Haldsne gas-analyBis apparatus. 

■ndnnnoa Tsiti. — In thaae 
specified, at 4 m.p.h. round i 
wtactl; followed. 

(1) Subject S.B. — Four lbs. caustic aoda. 

After walking i hour ; G0| ia inspired air. nil ; temperature rise, 9° F. 

1 hour ; „ nil ; „ 11° F. 

„ U hoars; „ nil; „ 23° P. 

„ 2 hours ; „ ' m( ; „ 25° F. 

The subject then ran 400 yards at about 6J m.p.h., after irhi<di the CX), per- 
oentage was again found to be nil. The temperature rise was 35° F. Resistance 
of the whole circuit (mouthpiece to mouthpiece) to a flow of 86 litres per min., 
measured after the run, 1-3 ins. w.g. 

(5) Sobject D.D. — An exact repeat of (1>. 

After walking i hour ; COt, nil ; temperaiuru rise, 4° F. 

„ 1 hour ; COt, "•' I „ lO° F, 

„ U hours; CO,, nii; „ 14° F. 

2hours;COhBi/; „ 17° F. 

After running an additional 400 yards, CO,, 0'24 per cent. ; temp, rise, 34° F. 

(9) SnblflCt O.B. — An exact repeat of (1), except that the running at the end 
traa omitted. 

After walking i hour ; 00», nit ; temperature rise, 12° P. 

„ 1 hour ; COi,ii»( ; „ 13° F, 

lihonrB;COftn'7; „ 21° F. 

2 hours -,00^ nil; „ 28° F. 

(4) SobjACt D.D. — The same test repeated, but with a charge of 3 lbs. granu- 
lated caustic soda in the purifier. • 

After walking i hour ; COf, nil ; temperature rise, 9° F. 

„ 1 hour ; CO^ nil ; „ 19° P. 

„ U hours ;C0^ O-^b^ ; „ 29° F. 

„ 2 houra;CO^ 0-7896 ; „ 33° K. 

After running an additional 400 jards, at about SJ m.p.h., CO,, 0-78 per cent., 
temp, rise, 39° F. Subject preferred the heavier charts of caustic, because tJs 
air was then cooler. Resistance of the whole circuit to a flow of 8S titree p« mia., 
measured after the run, 1-4 ins. w.g. 

(6) Subject B.H.O.— The same test repeated; 3 lbs. cauatio soda. 

After walking i hour ; Cd, ml ; teroperstnre ris^ S° P. 
„ 1 hour ; CO,, nU ; „ 28° F. 

„ li hours ■COfcO-249& ; „ 36° F. 

„ 2 hooTH ; C0^ 0- 18% ; „ 29° P. 

(6) Subject J.C, — ^The same test repeated, but with onl; the upper compartment 
of the purifier charged with 2 lbs. caustic granules. 

After walking i hour ; GO,, nil ; temperature rise, 6° P. 
„ I hour ; CO,, O'lS^g ; „ 18° F. 

„ lihonr8;CO,,0-41^ ; „ 23° F. 

„ 2 hours ; 00,, ■ 47?^ ; „ 25° F. 

„ 2i hours ; CO^ 1 -5796 ; „ 24° F. 

(7) Subject E.1I.0.— Repeat of (6) ; 2 lbs. caustic soda. 

After walking i hour ; CO,, nil ; temperature rise, 13° P. 
„ 1 hour ; CO,, 01896 ; „ 31° F. 

„ II hours ; CO,, 0-8296 ; „ 34° F. 

,, 2 hours ; CO,, 1 -3296 ; „ 32° P. ' 
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(B) OliBkbiUg test. Subjtct H3.— The test oausuted in climbing Arthur's Seat, 
Edinburgh, and waa to aECertain the behaviour of the apparattis under sustained 
heavy exertion. The climb (involving a vertical rise (rf 640 feet) was performed 
withoDt difficulty or incident in SI minuteiB, and the descent to the starting punt 
in 9 minutes. In ascending, the subject did over 100,000 ft. lbs. of external work; 
his oxygen consumption on the upward journey averaged about 2'8 litres per 
minute. A full charge (4 Ibe.) of caustic soda was used. Sample* of air for 
Bnaljsis were withdrawn from tlte inspiration tube at the aummit and after deocont. 
Owing to the hreeee the cooling of the air was highly efficient. 



On reaching bi 



; temperature rise, 4° F. 



KzbEiutlon Tests on Furiflei> — To ascertain the full capability of a purifier 
charged with 4 lbs. caustic granules, and to what extent it outlasta the oxygen 
supply, the wearer walked on the level at 4 m.p.h,, the temperature readings 
>ad air samples being taken in the manner stipulated on p. 22. The oxygen 
cylinder was recharged when exiiausted and the test continued. The times stated 
Mow do not include those occupied in recharging the cylinder. The subjects 
irorked in shifts of 1} hours, the apparatus being banded over to another man after 
such a shift. 

(9) Subjects D.P. and O.B. 

After walking 1 hoor ; COj, nil ; temperaiure rise, 4° F. 

„ 1 hour ; CO,, «il ; „ 14° F. 

„ H hours; CO,, nil; ■ „ 26° F. 

,. ■ ahours; 00,, 012% ; „ 14° V. 

„ 2i hours ; CO,, 0-249^ ; „ 26° F. 

3 hours ; CO,, 1 'OO?* ; „ 32° F. 

After walking 3 hours 6 nuns, and then ) qq 2-34^ 

running at 8 m.p.h for 2 mins. J '' ""' 

(10) Sabjects E.B., D.F. and D.D. 



walking i hour 


CO, 


nil 


temperat 


we rise, 3° F. 


„ l.hour 


CO, 


nil 




9°F. 


„ li hours 


oc, 


1296 




16° F. 


„ 2 hours 


CO, 


0-2596 




13° P. 


2^ hours 


CO, 


0-59% 




23° F. 


3 hours 


CO, 


1-3296 




23° F. 


„ 3 brs. 21 mins. 


CO. 


2-4796 




17° F. 



Sudden Xzeitlon Tests. — In these testa the wearer of the apparatus walked for 
26 minutcH at the rate of 3 m.p.h. ; he then ran 300 yards at 6-7 m.p.h., after which 
he walked for 2 minutes at 3 m.p.h., when the samples and readings were taken. This 
routine was repeated four times, occupying two hours in all. 

(11) Bnbject B.B. — Four lbs. caustic soda. 

Walking26minB. ; running 300 yds. ; walking 2 mins. -, CO^ 
„ „ „ second spell ; CO,, 

thirdspell; CO,, 01296; 

„ „ ., fourth spell ; CO,, 0-25% ; 

Resistance of whole circuit to flow of 35 litres per minute, : 
test, 1-7 ins. w.g. 

(12) Subject J.O. — Four lbs. caustic soda. 



„ 19° F. 

27° F. 

33° F. 

ired after the 



Walking 26 mins. ; running i 



Besistance of whole c 
test, 1-6 ins. w.g. 



) yds. ; walking 2 mins. ; CO,, nil ; temperature rise 6° F. 
„ second spell ; CO,, nil ; „ 10°.F. 

„ third spell ; CO,, nil ; „ 18° F. 

„ fourth spell ; C0„ nit ; „ 22° F. 

to flow of 85 litres per minute, measured after the 
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AFPZITDIX n. 

FITNESS TESTING WITH THE ERQOMETER. 

'Vba apparatus named is the bare minimum needed, and the description here 
given is of the method reduced to its simplest form. 

Apparatus : (Ij Hartin's Ergometer.*— The machine is to l^ seen in Fig. 3U, 
which shows the arraiigements at the Physical Test Station. It cousiste of a 
cycle flame and seat, a. hi;av; Uy-wlieel having been substituted ior tiie back- 
wheel of the bicycle. Round the fiy-wlieel passes a belt, the ends of which are 
connected by adjustable cords to spring balances. The belt is of hnen or sail 
cloth, wires being run through the hems at each side of the strip of cloth tii 
prevent the belt slipping off the wheel. Care should be taken to dry l^be belt 
thoroughly before using, or the balaooe reading will be found to fluctuate. A 
pendulum, hung to be constantly in view of the subject, gives the rate of speed of 
pedalling. With the size of fly-wheel and gear-ratio of the cycle usually stipplied 
for the ergometer, the pendulum can conveniently be adjusted to make 56 swings 
a minute, since at that rate of pedalling the work done in foot-pounde per minute 
IS obtained by multiplying the difference of the baJance readings (in pounds) by 
1,000. Whatever may bo the rate of pedalling selected, the product of the dit- 
fereitce of the balance readings and the distance (in feet) moved per minute by 
a point on the circumference of the fly-wheel measures the work done in foot- 
pounds per minute. Various rates of work can he set by tightening or slackening 
the cords attached to the b^t. 

(2) Gas-analysis Apparatus. — Carbon dioside analysis being all that is required 
in the simplified method, a Briggs apparatus (p. 51, First Report) proves servioe- 
able and speedy, a burette graduated along ite entire length being used, and 
caustic potash solution, instead of alkaline pyrogallol, being placed in the absorp 
tion pipette. One of the assistants is seen using this apparatus at B, Fig. 16. 



(3) Douglas Bag. — The 60-litre size, fitted with a three-way ainminium stop-cock 
is required. It is a bellows shaped hag of convenient form to collect expired air. 
In Fig. 30 it is on the table^ and a sample from it is being forced by pressure into 
the gas-analysis apparatus. When that operation is o#er, the bag, squeezed 
empty, is connected to the rubber tube. A, through which the subject is exhaling. 
More usually it lies on the table at the side of the ergometer, "thufl keeping the 
connecting tubing short in liength. 

(4) Mouthpiece, Nosecllp and Valves.— Any rescue-apparatus mouthpiece and 
noseclip serves the purpose. The best valves are the Rosling type (see p. 31). 
They are obtainable from the IsleworUi Rubber Co. The valve-boxee and Rosling 
valves of the Briggs rescue apparatus (p. 48) will be found suitable. 

—To avoid nnnecesaary resistance, the connections should 

(6) Oxygen Supply Cylinders, Oxygen Collecting Bag and Bubbler.— The 
lOO-ft. cylinders are the most serviceable. The cylinder in use is fitted with a 
reducing valve. From the reducing valve the oxygen is made to bubble through 
watei and then to enter a distensible collecting bag. A cheap and useful form of bag 
is that used for holding coal gas on tradesmen's small motor vans. The injector 
device described in the footnote, p. 12, may be placed immediately after the 
reducing valve to economise in oxygen. When the subject is breathing oxygen, 
the reservoir bag should be kept about three-paits full. Over-distension of this 
bag may create suBcient pressure to force oxygen through both valves, and is, 
therefore, to be avoided. In Pig. 30 the reservoir bag is at C, under the table.. The 
meter to be seen in that photograph enabled the volume breathed per minute to 
be recorded, and the movements of the pointer of the meter allowed the'rate of 
breathing to be determined. For the sake of simplicity, however, the meter is 
here omitted. 

■ Joam. Physiol. 1914, XLVIII. Proc Phjuiol. Soc, p. xv 
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Hetltod at Conducting Experiments.— The subject, seated on the saddle, ia 

fitted with the mouthpiece and noseclip. He breathes air from the room. While he 
is at rest the 3-way tapis turned, at the end erf an expiration, to the " on " position, 
I that is, so that the breath paaaes into the Douglas bag. It is kept in that position 
For a, period of about two minutes, when the tap is turned off at the end of an 
expiration. The Douglss bag, now partially inflated, is put on the table; kneaded 
tfl mil its oontenta; connected to the supply tube of the Briggs analysis apparatus, 
sod, with the tap in the " on " position, squeeeed to force a few litree of the 
prodiicte of expiration tliTough the burette. Tbe sample so obtained in the burette 
k then analysed for CO,. This procedure avoids the need for sample tubes or 
sample bottlee. 

The Douglas bag is then emptied by pressing it flat, and is again attached to the 
expiration tube connecting to the mouthpiece. The tap being in the " oC " position, 
the subJBot is required to pedal (at the rate of the pendulum) at no load, i.e., with 
the belt off, for a timed period of 2 minutee. At the end of an expiration the 
tap is turned " on " and expired air allowed to accumulate \a the Donglae bag 
for another 2 minutes of pedalling. The tap is again turned off nfter an expira- 
tion and the COj percentage determined. 

The belt is put in plaee; its cords are adjusted to gire a difference of 3 lbs. 
betveen the balance readings, and tile same sequence of operations is followed. 
Similar oljserFations are made at balance-differences of 6, 9 and 12 lbs. Longer 
pauses should be allowed between the higher loads to allow the man to recover 
(airly ooinpletely from the effect of <«ie spell oTeaenjise before attempting another. 
Effort should be made in all cases to sustain tbe load for two timed minutes before 
allowing expired air to enter the Dougta« bag. This pr^minary interval has 
perforce to be cut down on the highest loads (12 lbs. or 14 lbs.) as no one in 
oar experience bas be«i able to bear tiiena two minutes ai more; but in no case 
diould tbe preliminary period be reduoed below one minute. The interval spent 
ia inflating the Douglas bag, however, can be safely reduced to 30 seconds or so when 
the work is severe, providing that the tap is opened and closed at the same phase 
of breathing — preferably at Ute end of expiration. A record wherein tbe correct 
rate of pedalling is Dot maintained' must be discarded. 

After tliia aeries of results has been obtained with the subject breathing air, an 
exactly similair series (excepting that the resting experiment may be omitted) is 
taken with tbe man breathing oxygen from the reservoir bag. Before tile latter 
measurements are taken, however, it is advisable tlkat he should breathe oxygen 
for about 10 minutw to swill out most of the nitrogen in solution in the blood 
and tissues. 

Bocotding ftirt IntOtptflting BesnltS. — A test carried out in the above manner 
furnishes data such as those of Table I, p. 12. 

The data are best set forth in the form of graphs in which the loads are plotted 
Bs abscissae and the CO, percentages as ordinates. Figs. 31 to 37 reproduce such 
graphs ; the curves drawn in full lines show the relation between load and expired 
00, percentage when breathing normal air; those in dotted lines that relation 
when breathing oxygen. The CO, proportion when the subject is resting and 
breathing air is in each case indicated by an arrow-head. Figs. 31 and 32 are 
BoDBtructed from tbe dota of Table I. 

It will be observed that the curves are in all instances dome-shaped ; the CO, 
percentage rises from the resting value to a maximum and then falls again. The 
fall indicates oxygen-want. The immediate effect of the oxygen supply being less 
than the demand is to increase the lung ventilation. Enhanced breathing, which 
«rith the high loads becomes hard panting, dilutes, through sheer excess of air, the 
COj discharged, and the CO, percentage accordingly drops. The load yielding 
the maximal CO, percentage (tiie " crrat load ") may be taken as demarcating 
between normal load and overload. In other words, the man can sustain loads up 
to the crest value for some considerable time, as his oxygen input is adequate to 
deal with such rates of work ; but he can only bear loads above the crest.yalue for a 
brief period. , A-iOOJilC 
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A useful meaeure of the staminft of a man (i.e., his power of supporting sustained 
phjBtcal sffart) ia f uruiahed bj the positioa of the ore«t load ; the higher it is the 
better. Th» crest load, when breathing enridied air, of a vtroog man in tha 
prime of lifa and inured to labour, is generatlj over 9,000 ft. lbs. per min. It 
is doubtful policy to keep in a rescue brigade (except, perhaps, as leader) anyone 
whose crest load on oxygen is 6,000 ft. lbs. or less. 
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. 34-37. — Eigoraeter Testing : Graph records. 



The difference made in these records by condition or fitness becomes clear when 
the graphs of Fig. 31 are contrasted with those of Fig. 32. In the former case the 
subject is a relatively unfit, aedentarj person, while in the latter he is an Army 
instructor in physical drill, who was selected for experiment by the Scottish 
Command as representing physically the best the Army can produce. The curves 
of Subject II diverge, while those of Subject VIII are practically coincident. A 
simple and u^iefiil method of expressing the fitness of a subject is to divide the 
crest^rdinatp of the " air " curve by that of the " oxygen " curve, the level of 
321fl* E 
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the arrow-head (CO, viiUie, resting) being used as datum tot ei 
By that system the fitaess o( Subject II is 40 per cent., while tiiat <rf Bubjact VIII 
ia 100 per cent. The fitneaa of the healthj working miner usually- exceeds 76 per 
cent. ; evidentlj it is advisahle that a permanent brigade member should also be 
at lea£t aa fit. 

Notes on *h« Sobjbcts oi thb AcooifPAimito Graphs. 

flnbltCt n.— Sedentary person : weight, 136 lbs. ; fltneaa, 46 per cent. Work 

much easier on oxygen than on air. The subject would probably respond favourably 

to physical drill, though his power of dealing with sustained exertion would never 

be large. 

Subject vill. — Regular soldier: weight, 168 lbs.; instructor in physical drill; 
athletic type; fitness 100 per cent. Judging by his general bdtariour while doing 
work (quite apart from the results obtained), he is the fittest man we have tested. 
Breathing oxygen is not the least benefit until the crest load- is exceeded ; then it 
gives a gradually increasing assistance. 

Subject VII. — Manager of a mine wfirking steep seams: trained rescue mkn; 
weight 169 lbs. ; fitness 88 per cent. His -lailj work involves a lot of clambering in | 
eteep, low roads. Slow, deep breather. The high level of the CO, percentages and ' 
the correspondingly sfnall volumes taken into the lungs per minute are noteworthy 
features. Thoroughly suitable as member of rescue brigade. 

Subject I. — Miner (repairer) working in steep seams: weight, 164 lbs; trained 
rescue man; fitness, 83 per cent.; high stamina; thoroughly anitable aa member of 

Subject V> — Member of resident brigade for 2 years ; previously a miner ; weigbt, 
142 lbs. This man was selected to see if the fitness of these brigade members 
deteriorates owing to their light duties, and the resitlta, when compared with those 
of men constantly working underground, indicate a considerable tailing off in both 
fitness and stamina. Fitness, 56 per oent. ; unusually rapid breathing at t^ 
heavier loads. The fact that the subject breathed quicker on oxygen tJian on air 
tor low loads may explain the crossing of the curves. The subjeot recently 
succumbed while wearing a defective rescue apparatus. 

Subject F.T.8. 1/41. — Selected from the Physical Test Station records; infantry- 
man of one of the older groups called up in 1918; age, 44; weight, 133 lbs.; 
foremerlj a painter. Introduced here to illustrate the deterioration that sets in 
with age. The report of the testing officer was:—" Stamina: Very poor. Condi- 
tioii : Poor. ObteTvaiions : Not worth training ; no use as infantryman. 
Becom'mendations : Suggest that he be set to his own trade." 

Subject P.T.S. 1/24. — Selected from the Teat Station records as a contrast to the 
last instance. Well-developed cadet of 18 years ; weight, 176 lbs. ; all-round athlete. 
The testing officer reported : — " Stamina: Excellent. Condition: Excellent. 
Observations: First-rate material; fit for anything. Probable increase of fitness 
from P.D., 10 per cent." 
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INTBODnCTION 



To TBM AnvisoBT Couson. to thi Coiqansi or lai Fbitt Counon. fob Soixktiko 

AND InSUSTBUI. RISHABOH. 

Gbmtlxuk, 

We beg to nibmit oar Third uid finiJ Repeat. It deals jsiocip^ly with the uw of 
liquid air And liquid oxygeia in mine iwone apparatus. We include a deaoription of the 
improved Aerophor appanttiu. We have entered into blie problem of the oonstruction ot the . 
TocitQm storage veaaels foi liquid air ; it is of outatuiding impoitonoe to all lueis of the 
Uqnid, and it ii also one npon whioh we have diiectod eopeoial attentum, falling — as ths , 
I^oblem does — within the twms ot nfetenoe of both the Jlline Besone Apparatus ajid the 
Ozygen Beseoioh CoinmittMa. The ezparimental work, the lesults of which ore indaded 
in thie Report, was carried out under the direction of Professor Briggs in the laboratorias 
d the Heriot-Watt College, Edinbnrgh, and was, foi the most peut, undertaken on behalf 
d both these Committees. 

In om' Second Report we proposed oertaiii methods of test for oompreHBcd oxygen 
necue apparatus, and we now suggest certain modifications in those methods to moke 
them applicable for liquid air apparatus. 

A great advance has been secured b^ the adoption of Bogulations based apoa cm 
t^vious recranmendationB, among them being those requiring all rescue apparatus for use 
in mines to be of an approved constmetioa, and stipulating the nature of the teet« auoh 
tpparatus h&ve to undergo. 

Dr. Elizabeth Gilchrist has published a useful account of a seiiw of experiments on 
Ute absfn-ption of oarhos dioxide which she and Mr. D. Femnan oarried out in 1918, when 
thej were in your employment as aasistantB in the Edinburgh laboratories ;* we Hummariae 
on a later page the results of that inquiry. 

We take the opportunity of thanking Mr. John Mallinson, B.Sc., for the efficient 
uaistanoe he rendered up to the end of March, 1921, when the experimental work of the 
leseoTch was brought to a conclusion ; and we have once more to expreas our appreciation 
of the fiwUities granted for the research by the Governors of George Heriot's Trust, 
Edinburgh, 

The Managing Conunittees and Superintendents of the chief liquid air rescue stations 
We mOHt willingly placed at our disposal full information as to the oosta of opcratii^ their 
I^Mte, and we desire to place on record oar appreciation of this oourteay. 

Ut. E. Barnard of your Department has given us valuable help in the capaoitry of 
Gecretary to the Committee. 

(Signed) W. WALKER {Chairman). 
J. S. HALDANE. 
HT. BRIGGS. 

• Proo. Boj. Soo. EdlD. i 1981, «l, 128. ' "'■ ' ^'t.^*^^ "- 
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■ IMPEOVErj UQUD) AIR feESCUE APPARATUS. 

OananL — The umuil dedgnation of "liquid tir" apparatus is liable to misappiie- 
heuBioa ; the liquid made by the plante at the eight English rescue stations wheie theee 
apparatus are used invariably contains over 4fi per cent., and nearly alwaj^ over 60 per 
oect., of oxygen'. The evapm-atioD of a part of It is tltf vkcnuto storAge flasks causes aJi 
automatic enrichment of the lemainder, beoauM of the tendency of nitrogen, with ita 
loww boiling point, to evaporate more readily than oxygen ; hence the liquid actually 
used in the apparatus often contains over 70 per cent, c^ o^qrgen. During the evapora- 
tion of the charge placed in the apparatus a further enrichment of the residue takes place ; 
as a result the " air " inspired towards the end of a two-hoora' period may contain over 
80, and sometimes over 90 per cent. <A oxygen. 

' The plants at the slAtfons in question are all of the ao-odled Heylandt prindpte, and 
were supi^ied before the war by the Liquid Air and Beacne Syndicat«. They a»»— with 
■ome variation of detail — of uniform pattern, and each can give an output of 18 to 26 lbs. 
per hour. Generally, the higher the hourly production the lower the oxygen pioportioo 
in the liquid. At Rotheriuun, alcoie among these stations, two suoh plants are installed, 
the second to serve as a stand-by in the event of a breakdown Ot the first. It has been 
the practice at the groups of stations contndled respectively from Mansfield and Newcastle 
t» supplement the liquid air witlt oompreesed-oxygen apparatus, in order to pcovide for 
the contingency of a failure of the Heylandt plant. 

Excepting Botherham and Brierley, the liquid air statimis maintain permanent corps 
of men. 

Fhrrical Dti*. — Liquid nitrogen is colourless; it has a density of 0-SI (wat«t = 1), 
and at normal pressure it boils at —106° C. liquid oxygen is a traaspareot blue ; 
itd density is 1 ■ 13, and its boiling point —184° C. The temperature of the mixture 
in the storage flasks is usually between —186° C. and —190° C. The presence of 
small proportions of flnely disseminated ice or solid carbon dioxide (indicating imperfect 
purifioation and drying prior to liquefaction) can be reoognised by the cloudy appearance 
they give to the liquitL 

A mixture ccntaining 5d — 60 per cent. tA oxygen may be considered to have the same 
density as water. One litre of this mixture will form on evaporation 742 litres of gas at 
32° F., or 800 litres at 70° P. The equivalent flgures for I litre (d pure liquid oxygen are 
700 lutd 860 litres. 

One pound of the 6S — 60 per oent. mixture will yield 363, and 1 lb. of par« liquid 
oxygim ;-l41 litres of gas at TO °r. 

The latent heat of evaporation of liquid air is lees than one-tenth of that of water ; 
the fact is an unfortunate one in that a considerable loss of liquid is always Utereby 
involved in cooling a receptacle, such as the " pock " of a rescue apparatus, from ordinary 
temperature to the liquid's own temperature. 

Ooft ol ^i|H"B liquid Air.— Some very low costs of manufacturing liquid oxygen have 
recently been published in the United States and Germany ; but they relate to plants 
on a larger scale — some on a very much larger scale — than these required at rescue stations, 
and operated under diSerent condititsu and for a larger proportion of the total time. Wa 
are indebted to the Managing Committees of the chief English liquid-air stations tor th« 
following useful particulars reepeoting costs. Those for Station C are especially complete. 

Station A. — DalA based on a six months' run with a plant 10 years old. 

Plant run 447 hours ; made 8,705 lbs. liquid air> an average production of 19-47 lbs. 
per hour. Power cOnsumpti<m, 0-78 k.w.h. per lb. The cost, inolading power, repairs 
heavy), chemicals, oil uid water, was 4*6<I. perlb. That price, however, does not include 
depreciation and establishment charges ; nor does it include a charge fm labour, Tbefact 
that the plant is run by the statical stofi, which is needed in any osae, is the reasrai for 
g the latter charge. 



8iatto» B. — Dftta baaod on a year's ran. Hcnm of opention, 440 ; qnuitify of liqaid 
made, 8,337 lbs., or on the vnng/i 19 lbs. per hont. Power owusomptdcHi, 1-17 icir.h. 
per lb. (Bubseqnently the aven^ output hes be«i nuied to 23-8 Iba. per hour, and Ihe 
power consomptiaa rednoed to 0-91 k.w.h. per lb.), Theooat, inolndiug power, repaira, 
chemioale, <dl »nd water, waa S-Td. per lb. DepreoiatkM on the plant at 10 per cent, 
per year unotmted to 4-S<I., and eatabliahment oharges (taxes, ratee, lighting, repair to 
bnildinga, insnnnoea and proportion loc management) io i-2A. per lb. The total ooat of 
making liquid air at thia atatitm was therefore 11 -id. per lb., wages not being included. 

Statim C — Data based tm a Tear's run. Houn of operation, 926 '5 ; quantity of liqnid 
made, 22,017 Iba., ox on the average 23 -Iti Iba. per hour. 
Summary of Staiemtnt of CotU per lb. Liquid Air. — 

d. 
Bepaiis, replacements, inauraooe of plant, power, oil, chemioals, water... 4-53 
Wages (being the propcwtion (d the men'a wagea sprat in numing, 

oleaiJmg and repairing plant) 2-37 

Upkeep c^ vaouum flitaki ; lifting, heating, painting and upkeep of 

liqnid-aii room ; tools » 0-84 

Establishment oharges ; proptHlim for rates, tasee, general insuranoe, 

statimery, etc., superintendeooe, oleaniog, petty cash 2-11 

Depi«ciatl(m (u plant and bnildinj;! 3-30 

Totaleottpera 1316 

Ditto, omitting toafu ... 10-78 

AUtnring 60 pw cent, of oxjgou in the liquid, a oost of 13 ■ ISd. per lb. is equivalent 
to 21 -M. per lb. of oxygen, or £7 12«. per 1,000 oubio feet of gaseons oxygen at 70° F. 

Fntnn PiMtUiilitiw in M^Wny md Tirinf Uqnld Air and Osneo- — ^1^ system of having 
one plant (or two) at each leecne station is bound to be an expensive one in view of ttie 
small ^oportiiw of the total time any one ot them requires to work, and of the depreciation 
charges necessary to recoup so much capital expenditure. It appears to us probable that, 
in those oases where there are several similar stations under a single control, it would be 
more eotmomioal to instal one or two plants at a central point, and to deliver the liquid 
to the other stations by motor lorry. We estimate, for example, that if Station C were 
required to turn out 90,000 lbs. of liquid air instead of 22,000 lbs. per annum — and snoh 
an output is well within its capacity — making an adequate allowance of time for repair 
sod cleaning, the cost per lb. (including wages) would be about Qd. 

At the time when the existing plants were installed there was no possibility of obtaioing 
at a reasonable price machinery for making liquid oxygen of about 05 per cent, purity. 
This difBcnlly no longer exists, and small plants with an output of about 40 lbs. per hour 
of liquid oi^gen are now obtainable. To eetablieh a oentc^ised plant of that character 
would, we believe, be a considerable step forward. Besides serving a group of rescue 
stations, it would be avulable for supplying the liquid to hospitals for the treatment of 
pulmonary cases, to such quarries sad mines as may be permitted to use it as au explosive, 
snd sooner or later a BtUI wider field would probably open in connection with oxy -acetylene 
welding. A liqnid containing only 60 per cent, of oxygen is useless as an explosive, and is /ot 
litlJe use either for medical purposes or for welding, Moreover, almost pure liquid o^gen 
would be of mariced advantage fra rescue apparatus. Its adoptitm would avoid the necessity 
of cairying in the apparatus several pounds of useless nitrogen, as is the cose at foesent. 

So far tbere have been tmly two attempts to devise mine rescue apparatus intended to 
UH almost pure liquid o^gen in contradistinction to enriched liqnid air. The first was 
(hat of Claude of Z*aris*. It was a non-regenerator, quite unfitted for service vhaa phyuoal 
woric had to be done. Claude claimed that when breathing pure oxygen the volume ooa- 
lamed by the wearer was much reduced. As we showed in our Second Beport, this is 
wtirely untroe when the man is at rest, and is <mly true in a much modified degten If he 
is physically unfit and is attempting work ; for all ordinal^ rates of exertion t^ lung- 
TatilBtion of a thoroughly fit man is virtually tJie same on oxygen as <m air. 

• Xngiimriiv mi Mi*i»9 JtmnuU (»« Tor*), Nov. 9, UOt. Ci O O^ I C 
(B 34-^1664) A S 



' ' , ' The Becond liquid o^gMi Rpparatue is that of ib. E. A. Griffiths.* It is a legeneTator 
ju^ving the novelty of cvrying its pupply o( liquid air in A copper vacuuni flask ( tbe vftpoiioer) 
mpported agtuoqt the- left side of tW wearer's bock. An ingenious device, wl^ch we 
deacribe later (p. 27) in another connexion, enablee the deliverf of gaaeooa oxygen from 

. tbe fiask to be legolatod. A fiow gauge is added, by aid of which the wearer may adjust 
.the flow to the Tate desired. We regret not to have had an opp<Miiunity of testing Mr. 
QiiffiUiB's apparatus, but one of ns has used his type of vaponsec for anoUier porpoee, 
and can speak of its readiness and simplicity of adjustment. The protection against 
mechanical iijjury of a metal vacuum flask forming part of a rescue apparatus requires, 
however, very special attention, Mr. Griffiths is to bj congratulated on bringing to notice 
a new system of supplying a rescue apparatus with oxy);eii, and when almost pule liquid 
O^gen becomes available in mining districts his invention may prove of utility. 

Tta* Invoved Blukett Aeroplior Appantni. 

(a) Brown wd BDIli Type. — Soon after the publication of out First Beport, Messrs. 
Q. L. Biownf and F, P. Mills} joined totoeA in an extensive series of experiments, which 
erttitsally led to tbe production of tbe improved liquid-air rescue apparatus which now 
bean theii names. Tbojgh we were not directly associated with Messrs. Brown and Mills 
in theit research, Ihey kept ns informed of their progress, and one of us had the opportunity 
of taking part in several of the tests at Newcastle and Mansfield. 

The apparatus is tbe same in principle as that described on p. 11 of our First Report, 
but considerable improvement baa b^^ effected in tbe proportion and arrangement of 
parte. Along with his own compressed oxygen apparatus, it was described by Dr. Bnggs 
before the British Assooiation in 1921,'when a demonstration of the two forms was given.§ 

Tbe general appeoranoe of the apparatus will be gathered from the photographs, 
Mgp. 1 Kod 2. A unique feature is the curved tube A (Pig. 3) which passes round tbe 
neck tdter tbe fashion of a wide collar. This arrangement serves a double purpose ; it 
forms the means of connecting the bag to the rest of the circuit, and it enables part of the 
weight of the apparatus to be trausfeired, through pads, to the shoulders. Tbe head-dress, 
noeeclip, mouthpiece, saliva trap and flexible corrugated tubes, ore substantially those 
of the Briggs apparatus,!! a chin-guard being added to prevent the wearer dropping his 
chin and so exposing himself to the liability of breathing external air. The saliva trap 
is provided with a non-return ball valve, and is shown in section in Fig. 4. At the sugges- 
tion of Mr. 3. Piggford, the straps {S, Fig. 4) supporting the chin-guard pass through the 
cheekplates in such a manner that they act as looks upon the noeeclip and mouthpiece 
clips. Tbe face and head fittings have been designed to make it as difficult as possible 
for tiie wearer, either wittingly or uiiwittingly, to draw in outdde air. 

The " pack " F {Figa. 3 and 4), or liquid air receptacle, is provided with a single, eentral 
opening for filling, which is large enough to admit the stem of the funnel and yet leave 
sufficient room for the unimpeded escape of gas during the operation. The liquid ia soaked 
up in calcined asbestos wool, W, W (Fig. 3), packed tightly in a perforated case, B, ol 
nickel silver. Surrounding £ is an air space, C, which serves to distribute the liquid in 
filling, and to collect the evaporated air. The latter passes by a pipe 6 into the space E 
which is loosely packed with asbestos. From the upper side of E the gas flows into a 
metal warming pipe B, whence it enters the tubular collar A. D and T are nickel cases. 
Tbe latter is insulated to retard tbe passage of heat into tbe pack by layers of m^neeito 
asbestos J and of felt E, and by an outer laced cover of strong leather, L. 

The space E servee a treble functitm. First, it enables the air moving throng it to 
gain heat entering tlirough tbe insulation ; secondly, it acts as a trap for any liquid which, 
due to overfilling of the pack, may eecape by the tube O; and thirdly, it impedes, and 
in a small degree regulates, the flow of heat into the interior of the pack. In tbe latter 
connexion it is to be observed that the insulaticm, while being sufficient to avoid too rapid 
as evaporation of tbe air, must allow enough beat to pass to boil ofF an adequate supply 



• CoDinvQuonJian, 1921,121,646. 

t Mansger, Korth Uldlsnii Coal Ownen' BcMne Suticni Ca, Ltd. 

i Chief Officser, Dorham uid NorUiambaluid OdlieilM Ftre and Hcieiie Brigade StaUoiu. 

I See Xnginurimg, JBSl, 118, SOS. Ban tl«t meeting both applieDon have baen fnrUix impcoTed. 

ji SeooDd Bvport, p. tt. 



Fig, 1. — Brown and Mills Aerophor. Back View. 
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Fig. 2. — Brown and Mills Aerophor. Side View. 
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for the period o( oae. As iUastntod by Fig. 5, in whiob the oatflow from the pack is plotted 
ftgsinst time, the gaaeona duohai^ is most rapid when the pack luu been fresUy charged. 
At that part (rf the period tho voliime of cold air oironlatiiig in Eia Uige, and its inaulating 
eSect is a maximum. The tendency, therefore, is at this atage for the epaoe B to effect 
a reduction in tlm ezoeaaive ebullition ot gea, while towards Uie end of a " ran," when the 
evaporation is flaf^ing, it is Btimnlated by an inoresaa in the amount of heat pasaing aoroes 
that epaoe. Even with the help of tJus antomatio meaos of T^nlati<m, the discharge, oa 
Fig. 5 shows, is unequal, being aa high aa approximately 30 UtoM per minnte just afttt 
ponriiig in the charge, and falling off to 8 litres per minute at the end of the two-hoon' 
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FiQ, S. — Brown and Mills Aerc^hor ; Bate of Evaporation from Faak. 

The bag Jf , which is protected by a caavaa cover, is roughly cirouUtf in shape and 
6 litres in capacity. To protect the bag against being crushed flat, atrixig curved bionse 
IKHs N ale fixed inside the cover and encircle the bag at the bottom and sides. The 
^wer, lying face downwards, can rest the whole weight of his body on the bag and still 
^ able to breathe comfortably. 

The breathingcircuit consists mainly of solid-drawn brass tubing, 1 in. in diameter. All 
lointe are made by strong, coarse<threaded screws, t^tencd by means of a key. Inhalation 
*<^ exhalation valves, Fi and V~ Fig. 3, are identical in des^ ; each concdsts of a thin 
nblei disc, secured by a centrsJ rivet to a seat of thick mbber. The seat is perforated 
in the manner illostrated hi the plan of the valve (Fig. 3). TcHta of this type of 
nJn have been made and have shown that it is aa low in slip, and even slightly 
hia in resistance, than the Bosling valve described in our last Eeport. For rescue 



appwtXDS pnrposea it is prafenble to the Roiling valve, owing to the greater siiajdicily. 
tad amaJler die id the valve box. The thick rubber aeat aoU as the valve's waeher, whilp, 
should the valve be ineerted wrong way up, attention is at onoe oalled to the Tniirf-.a.lra by 
ita refusal to Oftn. The exoeM of air delivuing bom tbe paok during the first part of a 
mais so large that, unlea* tbe wearer ia wwUng hard, & part of it would tend to flow back 
thnngh the purifier to reach the relief valve R, Suoh a revened flow would be detri- 
mental in that it would oool the oaottto soda and render it obemically inert. Lat«r cm, 
therefore, when the purifiiv waa required to come into action, it would be inactive until 
it had been warmed by the expired air. Barersed flow through the purifier is altogether 
obviated by the inclusion of the valve Fg, which is of the same form as Fi and F^- The 
relict valve if is set to operate at about 3^ ins. of water preesure. It ia provided with a 
detachable screw cap (shown by dotted lines), which is attached before the apparsitus is 
subjected to a water te«t for leakage. 

A low Teeistanoe to breathing is a physiological neoesaity tor any rescue apparatus ; 
with tlie liquid aJi apparatus, whtre the relief valve is between the mouth and tbe purifier, 
it becomes in addition a physical necessity. If the leeistance of the purifier Q exceeds 
the resistance to opening of the relief valve, the exhaled air will pass out by tbe latter ; 
the apparatus will become depicted of air, and the wearer will be compelled to reduce 
his rat« of exertion, or, in an extreme ease, to eease using tbe apparatus. For these 
reasons care has been taken by the inventors to bring down the lesistenoe of tbe 
circuit, and especially that of the purifier, to a minininfn At first the ebullition of 
gas from the pack is so rapid that the wearer's needs are satisfied without it being 
neceesmy to re-bieathe any part of tbe air exhaled ; so, for a short time, the purifier 
is not needed, and during that time the air exhaled, together with any czoesa from the 
pack, pasBM out by the reli^ valve. After the rate of discharge from the pack has become 
Ins than the volume demanded by the lun^ the apparatug becomes a true regenerator ; 
an increasing proportion of the expired air passes throv^h the purifier and is re-breathed. 
The pnrifier consists of a metal case, divided internally by five baffles to obtain t> zigzag 
flow. Between each pair ot bafQee, as Fig. 3 shows, there are three trays, between which 
the ail flows " in parallel." The trays are of strong galvanised iron gauu, and together 
hold 2 lbs. of caustio soda granules. Fieoee of thick felt insulate the purifier from the 
liquid air pack on the coie hand and the wearer's body on the other. The weaier'a back 
is insulated from the liquid air pack by the canvas jacket supporting the whole app»ratns, 
and by an additional guard consisting of vertical stripe of cane. 

The apparatns, which has received ofBcial approval, is made by Meears. Quest and 
Chrimes, of Botberbun. The ftpproved charge of liquid air is 6i lbs., end that of abaorbent 
in the purifier 2 lbs. The weight of the charged apparatus is not more than 40 lbs. The liquid 
air can be poured into the paok ud the filling vent closed in leas than ob* minute. Care 
has been taken to avoid the inhaled air being too cold, even during tite early part of the 
period of use. During the of&oial test of the apparatus the lowest temperatuiy of tbe 
insured air was 70° T„ and the highest 90° F. 

. The operation of filling a liquid air pack from a container is illustrated by Kg, 19 ct 
our First Report. 

(b) The Bothttham Typi.* — ^^le aeoood approved form cd AeropbM was evolved by 
Mi. F. Elliston at the Rotheriuun Rescue Statist. It oloaely resembles tbe imginai type 
described in our First Report, but tbe following changes have been efieoted : — 

(1) Tbe purifier la mnoh laiget, being cylindrical in shape, Ti ins. long and6 ins. in 
diameter, ar^holdtng2i lbs. of oanstio soda grwiulee. The air enters the purifier along its 
axis, and then is mads to taavel along » number ol concentric cylindrical paths of gradually 
iooreasing diameter ananged in series. (2) Leather guards are fitted to the bag to prevent 
it being fiattened by pressure. (3) The delivery pipe from the pack has been lengthened 
to obtcun a better wanning of the air before allowing it to enter tbe bieatliing circuit. 
(4) Hexi^n unions are used instead of the original milled screws. {S) A screw nose-clip 
has been adopted. (6) Tbe relief valve (which is set to blow ofi at 3 ins. water pressure) 
is provided with a screw cap for use dtn^g the water test. Tbe approved charge of liquid 
air is 6i lbs., and the apparatus, fully chaiged, weighs not more than 40 lbs. The pack 
can be filled in 1 minute. This apparatus also includes an auxiliaiy attachment by 

• Abo MS B. d IkAtfTOB, " Batludum Bessde Appantaa," CeUmy Qiuriian, 1K3, UL 328. 



mMuw of wfaioh»BeooDdpen»i)nA7be8ap[died witiiadr, M>ti)»t »mBanot|roTid«d.Wttti 
appdrato* may be brought through aa irrMpirable zone. 

(') Ibfl Briarkr ^ps- — Another varUnt of the aeiophor, daveloped and uaed ftt tlM 
Brierjey Stftttoo, hu rooently (1923) been Approved. 

BeUiTO AdnntasH ol UpM Aiz ADpmtu.~The ontetanding advantage of the 
Aerophor is ita great simplicity in nae. The wearer has nothing to adjust and nothing to 
read ; laon bo than with any other existing fonn, he is free to devote hia whole atteatitm 
to the work in hand. Having witnessed the filling of the pack, he is sure that he baa 
a sufficient supply for at least two hours of hard work. The only gauge a rescue party 
needa is the alaim watch carried b; the leader. No apparatus is to tagy to leam, and bj 
the boiling oB of the charge the apparatus gets a little lighter daring the period of use. 
The comjdete absence ti high-prMSure parts is in itaelf a mconunendation. 

A drawback of existing forma of liquid air apparatus, excepting Griffiths', is that onoa 
introduced Gk liquid boils away whether the apparatus is being used or not, while a 
cylinder of compressed oxygen can be kept closed until it 1b needed. Thus, when a spate 
team is " standing by " at a fresh air base while another team is acting beyond the base, 
the apparatus cd tlie former have to be in operation all the time, for if they were allowed to 
stand empty they could not be filled and donned mifficiently quickly if a call for assistance 
were received. 

To construct a rescue apparatus appliance which has no drawbacks is, however, outside 
the bounds of poesibllity, and it cannot be denied that tbe Auvphor in ita recent fomu 
has — coomdering the apparatus apart from the system — exceptionally few defects. 

The main disadvantage of liquid air in its application to mine reecoe work lies in tbe 
manufacture, storage and transport of tbe liquid. The manofaotoring plant is costly and 
not easy to operate. Even when no practices are being condact«d, the plant has to bs 
worked at intervals to make up the loss by evaporation in the reserve of liquid kept in 
storage flasks, The storage flasks themselvea are not robust articles ; they give little trouble 
during quiet use in a reeoue station, bat during transportation, whether at the surface or 
undei^ironnd, they call for special care in handlii^ or their caaoalt; rate is high, 

I3ifl Baana oI Uanid Aii at the Rewne Station. — ^The regulations require at least a 
two days' supply (^ liquid air to be constantly kept atthc rescue station. We have remarked 
above upwt tiie need, in a rightly organised operation with liquid air apparatus, of supplying 
a second team with liquid while one team is working. Allowing a " container " for each 
brigade (see p. 10), and lUMtunxing the operation to require one brigade after another for 
tvo days, the consumption during that period would be 48 containers, or about 2,400 \hs. 
at liquid. I>uring the same period a single pleuit at a station, working 20 hours per day, 
' would make about 800 lbs. The Mansfield group has three such plants, and thus would 
be able to cope with such an emergency, taking into oonsideratiiMi the quantity in stock 
at each station at any time, and provided that a sufficiency of flasks — say, six per 
station — were 'available for transport. If the oircumstuiaee were such as to require mon , 
teams than oi^e to be continuously at work, even this group would be unable to cope 
with them without falling back upon compressed oxygen apparatus. The Newcastle 
group has at present only two of these plants, and ia thus less favourably situated. We 
understand, however, that it it is intended to add other plants shortly. In any case, 
both the Newoastle and Mansfield groupe have a reserve of compressed oxygen dresses. 

The posititm at the Bothcofaam and Brierley stations is less favourable ; they have no 
similarly equipped neighbouring stations upon which to call, and at ^neent have no auxiliary 
compressed o^gen dresses. A 40 hours' run of the two Heylandt plants at Botherham 
Tould yield about 2,000 lbs, of liquid ; with a reserve of e^ht full containers and three 
M four empty ones in good c<mditi(Xi, it wonld thus be possible to keep single brigades 
at work, uid stand-by brigades at the freah air base, for two days of uninterrupted labour. 
The station's supply of containers' is such that it can maintain this stock of lii^uid, but a 
more extensive rescue or recovery operation could only be carried out by getting other 
Btations to aasiat. Brierley, with its single plant, is in a still less satisfactory poaition. 

We eameatly direct tlic attention of the Managing Committees of all the liquid air 
itations to this important issue. Possibly the arrangement of a co-operative sohame 
may meet the dlffionlty. 



iMtloK liaoid Ait Itaanu Apptntm, — We limit onr obaerrationi nnder this head to 
•ppftRttuB in wfaioh the liquid is oBrried in a reoeptaole other than • vwmnm flask. 

(a) Teiti lot Offldftl ApptoraL — When a liquid air apparatus is iubmittod for approval 
it ahonld undergo the endiiranoe and galleiy teeta now laid down in legnlatiCMiB, and the 
■alegnarde provided therein agsinot defective workmanship and design ahonld also apply. 
The BtipolatioQ «e to a TnnTiTnnni reaijianoe of the breathing ciicoit needs no alteration. 

The pToviston of anything having the effect of a by-poes on apparatus of this olaas is 
a matter of mnch diffloulty, and if care he taken that th»e is at all times during oae a copious 
nipidj delivering from the pack, we think that such provision need not be Toqnirad. 

We have unfortunately not been able to leach unanimity in regard to the minimnm 
feed d oi^gen that it la desirable to preeoribe for liquid ^ apparatus, and we think it 
advisable to state both the views which have emerged in the ooutHe of our prooeedin^ : — 
Sir William Waiter and Profaaor Brigg*. — " With apparatus such u this, in which 
there is no bj-paes, it is necessary, in our opinion, to ensore, at all parts of the period 
of UM, that there ahall be a supply of oxygen appreciably exceeding 2 litres per 
ininut«. The end portion of the period, when the delivery of ' air ' from the pack 
is a minimnm, may happen to ooinoide with the time when a br^ade (returning 
perlu^ from dip workings) is demanding an nnosnal supply (d oxygen. Should 
that snppfy be only 2 Htres per minute, the men would be obliged to slow down 
or otherwise reduce their rate of exertion to conform with the limitations of the 
apparatus. We believe that it would be preferable to reduce the chance of snoh an 
incident by the provision of a ' factor of safety ' of GO per cent., and that the 
minimum pennisaible rale of discharge of o^gen during the S-hours period ot use 
should be 3 litree per minute. Earlier in the history of rescue apparatus in this 
country, the nser was compelled to suit himself to the appMatus. Our view, tcoea 
the commencement d the reeearoh, has been that a reaooe apparatus, to be of real 
■errice, ehonld suit itself to the requiremente of the wearer, and we do not see the 
need to recommend anything contrary to that principle on this occasion." 
Profeaaor Haldane. — "The jseaent regulations require that, in ocnnpreesed oxygen 
dresses having a oonstant feed, the delivery of o^geu ehdl not be leee than 2 lilies 
per minut«. I consider that a similar requirement is EofBcieDt in respect of a 
liquid air reeoue apparatus. If the supply of oxygen at the end of a working period 
is 2 Uties per minute, that supply will be exceeded, and usually greatly exceeded, for 
earlier parte of the period. While it is true that the 2 litres of o^gen may be 
diluted by a conmdcrable p'opbrtion of nitrogen, it has been found by experiment 
that, if a man is getting 2 litree of oxygen per minut«, he will not suffer collapee, 
even though his hmgs should, for a short time, require a greater supply for the work 
he is attempting. In such a case he would be ctmipeUed to cease or reduce the work 
by the excessive panting which would supervene. On the other hand, when the feed ' 
is much below 2 litres, a call for oxygen in excess of that amount may cause the 
wearer of a rescue apparatus to drop unconscious without much warning. With a 
two-feed litae feed then, though a good deal of nitrogen bo also present, an adequate 
wuning is given by the panting which develops on over-exertion. ' In view of thie I 
reccanmend that the o^gen supply in liquid air rescue apparatus should be regarded 
as sufficient if, at the end of the two hours' period, the delivery contains 2 litres c^ 
oxygen per minute." 
It is desirable that the pack oi receptacle should be so constructed that there will be no 
chance of liquid air getting into the breathing circuit, and as a test we think the pack 
■hould be inverted one minute after receiving the approved charge, when no Uq,uid ahonld 
nm out of the open filling vent or of any other opening. 

We consider also that the wearer should be protected against the possibility of tlie 
inspired air being so cold at the beginning of a " run " that the inspiration valve freezee, 
lUid to that end it could be requijed that at no time should the inspired air be at a temperature 
lower than 26 deg. F. below that of the place in which the ofBcial teats are conducted. 

{(} Fetiodlo Teating at the Beune Station. — In the Aerophors now apfTOved tha 
leather cover of the pack is the only protection the insulation has against wet. Such a 
pack cannot be tested for leakage by immeraion in water ; hence, in carrying out the 
prescribed water test, it should be required to test nnder water all parts except the pack. 



M the sune time it ia to be legntted that this ezoeptioa hu to be mode, ftnd it aoemt to 
Di that & sealed metal cue, either instead of the leather cover or immedi&tolj' nndei that 
M)¥W, woold be of KlTUitage, both in respoot ol simplifying the water test and of im[roving 
the protection of the insolation. A polished met«l case oateide the pack wonid it«U 
ndnoe the heat inflow to the raoeptaole ; moreover, inside saoh a ease tlte pack would no 
longer be sobjeot to the poetdbili^ of a deterioration of ite insulation were it raqniied 
to Tork, spell after spell. In a w«t fdaoe. 

To proride the means for observing deterioration of the absorbent filling of the pock, 
it is deaiiable to lequire that at, saj, two-monthly intervals, each pack should be 
taeted b; invarting it one minnto after pooring-in the approved ohvge, when no liquid 
(ir should flow out of the open filling vent or of any other opening. In the event of a 
fv^ failing to comply with this test, its absOTptive packing shonld be changed. 

Tianvort of Uqnld Aii. — Experimenta have from time to time been made to aaoertain 
tbe leas involved in oaiiying liquid aii containers on lorriea and on rail. 

Some years ago a container charged with 60} lbs. of liquid air was packed with paper 
padding inside a irframidal wooden box, and sent unattended on « railway joomey covering 
approxiniately 320 milee. Li addition, it trav^ed II miles by motor w^on. The time 
uken, including oao overnight stay, was 36 hours. The rate of evaporation of the bottle 
under tranquil comUtions was 3i Iba. per day, or 66 gnune per hour. The rate doriog the 
whole jonmey (inelnding the oremight rest) was 5i lbs. per day, or 103 grams per hour. 
Correcting for the loss while standing overnight, the actual loss while travelling waa at tlw 
rate of 6 -1 lbs. per day, or 114 grams per hour, Henoe the rate of loss during rail 
toanspca^ waa If times that when standing stUl. The container waa of the usual Qerman 
design (see Fig. 7), and had no buffer pode in the vocanm space. The movement of 
the tiain would therefore constantly oause touching of the inner a^inat the outer 
sphere, with transferenoe of heat at each contact. 

A short bat useful teat upon transporting containers by motor wagon was made by 
Dr. Briggs and Mr. G. L. Brown at Mansfield. Two containers were taken a mn of 7 -6 milea 
over good roads in a heavy motor ambulance. The journey took 27 minates. Each bottle 
held fiO lbs. of air at the start. The first container stood on the floor of the wagon, being 
merely prevwited from eliding about by a wooden guard ring fixed to the floor. The 
second veeael waa provided with trunnions (see No. 1, I^. 8), which were carried in bearings 
on a special stand, ao that the bottle was able to swing under an impact and to right itself 
immediately after. The bearings weie supported on springs with the intention of still 
fnrtiier reducing shock. The first bottle lost 7 oza. on the journey and the seoond 14 oss. 
The vessel in gimbals waa oaused to swing violently by the movement of the wagcm, with 
continnous rapid boiling «f the air and frequent spurting (rf liquid from the neck. The 
sjffings only accentuated the motion. The rigidly-held veaael waa comparatively tranquil, 
though the inner sphere was oonataatly heard bumpii^ against the outer one. 

As the reeult of this test gimbal support wh« entirely given up for motor transport. 
Mr. Brown oontinoed to work on the problem, and eventually found nothing so suitable 
for the carriage of containers in wagons of any description as the simple steel stand of which 
two types are depicted by Fig. 6. The oradle is provided with handles to facilitate under- 
ground transport. With theae stands some remarkably efficient jonmeys have been made 
by rood. In one instance « oontainer waa mn by the rescue car to a colliery and back, 
a distance of 28 -8 miles; l{honrs were spent on the road. Making a deduction for evapora- 
tion while the veesel was standing at the mine, the leas during transport waa 3 ■ 14 ozs. 
per hour. Standing quiet the bottle lost 2 ozs. per hour. During road transport then, the 
«vaporation rate was 1*S7 timaa that when stationaiy. 

Having regard to the fact that, in actual service, containers holding a fall charge of 
at least 50 lbs. will have to be carried, it would, we consider, be advisable to reckon upon 
a loes during road transportation equal to 2} times the equivalent loss under stationaiy 
conditions, while the evaporation rate during an averse underground journey will, in 
all likelihood, be more. The provision of aebestos pads in the envelope (p. 15) and of 
a splash ring (p. 10) will improve the efficiency of transportation. 

Special bogies, running on the mine rails, aie em|Joyed on the Continent for the 
andergrotmd transportation of contuners carrying liquid oxygen for use in blasting. One 
SDoh carriage, illustrated in the CoBiery Otmrdian,* consists of a framework of T-section 

* " Tke U» of Lipoid Aii foe BIuUds," OMitry daardian, ll)30k 1£0 659. 
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■tMl, from vhioh luuig two oontainera. Each vewel is slung by Wo chains toovided 
irith siving abode absorbeis. Tbo amount of movemeitt permitted, however, appean 
too large, artd for reasons already given we do not favour support on ^ftrings. The fact 
tiiat the bogle has a hel^t of 2i timea the gange of the rails is a serious drawback in 
lowminea. 

Ona Oontalnw par Bflgade. — For ease of transport and cxganiaation, it is evidently 
advisable that the araophors of a brigade of five sbonld be supplied from a single container, 
and it is worth while to ascertain wbetber this is [vaotioable with two cd the approved 
types. The flnt fill of a patA: is the most wasteful, as the pack has to be coded to liquid 
air temperattne. Wbne a second spell of wwk soooeeds immediately after the fint, 
the loss in refilling is smalL 

Ab aeroj^ot pack, taken at room tempaatnre, oaa be filled at a resone statiou with a 
lose of vndv 2 lbs. o< liquid air ; but in the oiroumstances obtaining at a fresh-air base, 
when the filling is likely to take place in tbe evrat of actual service, it is advisable to allow 
lot an addiltoial waste <rf i lb. 

13i0 Brown-Hills Anrophor requires a charge of 6^ lbs ; to get that amount into a 
pack which starts waim, 6 lbs. per app^tns would need to be poured from the container, 
ortOlbs. would be required for a team of five. From what has been ascertained regaiding . 
the efScienoy of tnnsptnt. It would appear that, under careful handling, tbe loss betwem | 
the rescue station and the treeh-air base— even if they ere 20 milee apart — should be under 
1 lb. This apparatus can thus be supplied by one container per brigade and allow of ] 
a margin of safety of 18 pw cent. If neoeasary, a sixth apparatus could also be filled. 
^Hie margin for Uie second and 'subsequent spells of work vrith the same packs will be . 
considerably greater. 

The Botherham aerophor usee 6i lbs. per charge. Starting with warm packs, 45 lbs. 
would be needed fcx five apparatus. Allowing for I lb. beii^ lost in transportatian, tiie 
margin on fiO lbs. load will be about 8 per cent. There will thus be a sufficient excess with 
wtber form of aerophor to allow for contingencies and to keep the ccmtainer cold on the i 
return jonmey. 
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Fia. 6. — Steel Cradlea for the Transport of Contamera. 



Fio. 8. — Vacuum Vessels for holding Liquid Air. 
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PABT EL 

THE DEWAB METALUO VACUOM FLASK OR CONTAINER. 

PriMlplM ol Um Dewu Sluk. — EveoTtnia ia now fun i li M with the " tbermos " flask, 
* donble-WEtlled glmM flaak in which the apooe b«tw«eD the two walls bw been CTOonated, 
is order to reduoe to small jsoportiMis the h«ftt condnctod »oro8B it. The inner sorfooe 
of the outer, and the oater nirface of the inner v««ael — the two satfaoes which face eaoh 
oth« oonwB the Toonum apace — an silveied. The two oppoeing reflecting snrfocee have 
(he efieot of gieatiy diminishing the tranderence of heat fcom one to the other by radiati<m. 

Attention is directed to the reoent report of the Oxygen Reaeuch Oonunittee,* which 
deaJs in ctxiaiderable detail with the development of the Taoanm flaak. In what follow* 
WB shall give a graeral description ol vacaom flasks used for mine resone porpoees, and a 
«hiHt aoooont of innatjgatiqns wbioh «e h»r« initiated, eiUtet independently or in con- 
junction with the Oxygen BeMwoh Cmunittee, to elucidate point* of special interest to 
those conneoted with mine resooe work. 

The two chief oansee of beat transfer in a vacunm flaak ue radiation and eondKetim 
aatoM the vaouout »paee. We stat« them in what is, in general, their order of importance. 
Thm an other minor aooroea ol heat toaoafer, but these may be disregarded at this stage. 
Sir Jamea Dewar described the metal vaonum bottle in 1906,'f' having the {sevions year 
obtained a patent for his famoos invention of augmenting ot preserving a high vacuum 
in flasks intended to hold eold liquids. The voonnm of » well-made glass flask appeara to 
lemiun int«ot indefinitely, so loig as the bottle is saved bom meehaaioaJ injury ; but no 
metal voomun bottle can be made altogether imperrions, and in the ooone at time the 
oii^nal vaouum becomm vitiated by gas entering it from ontaide or inside the bottle. 
But for Dewar'a method of absorbing the greater put of the gas in the vaonODs envelope 
by means at charcoal, that gas would soon apcril the inTil».ting propraty ot the vacoom ; 
indeed, metal vaonnm vessels woold be ont of the qneetioo. 

The abaorbent oharooal is supported witMn the vaouoos mvelope in snoh a positian 
Oat it qniokly attains the temperature of the oold lic|nid potued into the bottle. Thus 
in Fig. 7, vAidb ta a section of a Gennon llqidd air oontafner, the ohoroo^ is held inside 




fto. 7. — Section of German 50-lb. Liquid Ait Container. 
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* dish-Bhaped metal Bpiiming, F, atUohed to tlie lowet half of tha cold inner flaak. The 
oharoool is crameoted to the yacuum Bpaoe by meaiu <d one or more openings in the dish, 
the openings being ooverod by fine gauze. The absorptive or, u it is usual to say in snch 
a connection, the adaorptive power of the ohaicoal (that is, ite affinity for gu) is greatly 
inoreaaed by cold, and at liquid air temperetme it is very atnmg. ^raa, vhen oooled to 
that temperature, it draws into and Tetains within its own substanoe the gas ezistdiig in 
the vacuum space, and therefore automatically preserves the bi^ degree of vacuum needed. 

It may be claimed tot Dewar's system of using charcoal for this purpose that, more 
than soy other single cause, it has rendered powible the ezpansian now proceeding in the 
scientific and industrial uses of liquid air and liquid oxygen. 

DewH experiment«d on the adsorptive ptopfirUtie at other porous subetanoes as well 
M charcoal. He found, for example, that dry alomina poaseeaea at low t«inperatiixQ » 
e<nudderable power of absrabing air at atmoepberic premure, but that owing to ite relatively 
low " retentive power " — ot, as we now prefer to aay, ita low prtlitiuiU^/ (see p. 17) — it is 
much infeiira' to charcoal in fcHTning bi^ vacua.* In a secraid patent specification, dated 
April, 1906, be refers to the applioation of earthy oxidea (alumina, silica, ferric oxide, etc.) 
for the absorption, eapeoially at low temperatnree, of gaset and vapours. lAter in thia 
report we shall have oooaaion to refer briefly to the feasibility of using snoh subatanoea, 
particularly aOica, aa a substitute for charcoal in Dewnr flasks. The matter reoeivea more 
oomplete treatment in the report of the Oxygen Research Committee. 

llatwiah ol Oonitiiutton of TaonniB Teadi, — In present day practice the use of charcoal 
inthevacuonsspaoeisliniited to vessels of metal. With the other materiab here mentioned 
there is little or no need for charcoal. 

The greater number of the containera at British rescue etatitKis are Genoan-mado 
pre-war veesela. So far as our obaervatdana have gone, these Qerman flasks are of brass, 
in the manofactuie of which alloy, in ita finest grade, the Qenuana are unrivalled. Since 
the war the Germans have oonsteuoted otmtainers of copper, and during the war they ntade 
satisfactory flaaks (chiefly of small size) of steel. 

Though other metals and alloya have been used on the experimental scale, bhe majority 
of the liquid air bottlea made in thia country during and subsequent to the war are of 
copper. That metal is capable of receiving a high degree of polish. It is easily apon and 
soldraed, and its one detrimental property, namely, Boftneas, can to a large ex:t«nt be 
o&et by proper protection of the veeeel during transport. Moreover, with the aole 
exception of silver, copper is the metal which, at a well-polished surface, has the highest 
reflecting power for heat rays. 

Gilding metal takes an exquisite polish and soldeis well, and a number of excellent 
vessela have been made from it. The copper.tin variety, however, is harder than copper 
and requires special toola in apinning. As a icanlt, the coat of a flaak made ot thia alloy 
exceeds that of one of copper. 

Whatever the metal, the sheets from which the hemispheres are apun or preeeed should 
be free from blemish. Fitted sheets should not be employed, aa the acid " pickling" 
used in cleaning the sheets of oxide is apt to lodge in the small cavitiee and set up slow 



To reduce the amount of heat conducted from the outside air down the inner neck 
(C, Fig. 7) to the liquid air in the bottle, it is usual to employ, as the inner neck of a metal 
flask, a piece of solid-drawn tube id an alloy having a low thermal conductivity. The 
Qennaoie use both manganese steel and Qennan silver for this purpose, while in the con- 
tainers made recently in this country ouproniokel (about 36 per cent, nickel, 64 per cent. 
copper) has been adoptod for the purpose.- Though the conductivity of cupnmiokel 
exceeds that <^ Oennan silver and is almoat equal to that of brass, the heat inflow to the 
liquid is not appreciably increaaed thereby, for, aa will be shown, the heat reaching the 
liquid via the neck is, with long-neoked vessels, n^Ugibly small in amount. 

Fig. 8 is a photograph of a number of vacuum vraaels. No. 6 is a thermos flaak. No. 7 
is a glass vesael of a type familiar in laboratories where liquid air is tumdled in smaJl 
quantities. Nos. 1 and 2 em 50-lb. containers, the first being a brass bottle of Qermau 
make (sectioned in Fig. 7), and the other a gilding metal bottle with a shorter neck 
surmounted by a loosely fitting braaa cap insulated within by felt. No. 6 ia the 3-litn 
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gilding metal vessel, a section of which ia given in Fig. 10. Thirty of these " vaporiser " 
Bubs were lent to ns by the A.M.D., War Office, and ha.ve been most useful in onr experi- 
meriU. Nob. 4 and 5 are porcelain " dipping floaks " made at the State Porcelain Faotoiy, 
BerUn, during the war. No. 4 shows the flask inside its protective caae <A galvanised 
sheet iron, and No. S the bottle it«elf, mouth downwards. Fig. 9 is a secticHi oi one of 
tliese ponselain veaaels, showing the case D i a packing of cormgated paper C betwem the 




ll» ll..l-faLI.£^'-| ill. I f 

Yia, S.--Section of Porcelain Dipping Flask. 




lo. 10. — Swtion of Short-necked 3-Iitre Vaounm Flask. 
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caw and fluk ; Uie looee cover (a diic of gKlvaniied iron) K ; the daable-waUed Mid klmoat 
paraliel-aided flask A, B ; the aesling tobe F ; uid tJie ponwlain cap O, which U attached 
by plaster-cj-paru over the Be&ling tube to proteot it. The aeeling tube ii of poroelain, 
' and after the evaocatioii it waa aealed-off by an oxy-hydrogen flame. Xhe poroelsin 
is highly vitreona, and althongh the vacuum is not so permanent aa that of a glan flask, 
it lasts a consideTable time. He internal diameter of Uie battle iUustrated itf 4 ins., its 
depth 14 Ids., and its capacity ft| lbs. It was designed for service in conneotion with the uae 
of liquid oxygen as a blasting agent. The wide month allowed of several cartridges of 
cu'bonaceaua material being lowered in and saturated with the liquid. 

The large porcelain bottle of Fig. 11 (which shows the metal case and the porcelain 
flask removed from the case) was also made in Berlin. Its capacity is 2n litres, its 
external diameter 14 ins., and it« depth 28} ins. The mouth is 4-7 in. aoross. On being 
tested by Mr. F. P. Mills at Newcastle, it was found to have an evaporation rate about 
2} times that of a good metal container of the same capacity. The reflecting surfaces 
surrounding tlie vacua of these poroelain llasks are deposited films of metallic silver. 
Attempts to construct Bimilor vessels in Franoe and Scotland were not successful. Their 
manufacture has for the time being ceased in Germany, metal vessels being found lighter 
and cheaper. 

Small vacuum flasks of silica-ware have been made in England, but its relatively high 
price stands in the way of the silica bottle becoming a serious liva] of that of glass and 

Fig. 12 is of interest as showing the laigeet vaonum fla^ in use at English rWKnie 
stations. It holds over 300 lbs. of liquid air, and is employed for storage purposes 
at the Newcastle station. It was built in Germany before the war and is of brass ; it was 
photographed for comparison's sake alongside an ordinary 60-lb. container. 

Conitrnolion of Hetal Cootalnen. — The liquid air or liquid oxygen is held in the globe 

A (Fig. 7), which is suspended by tlie neck C bo as to luuig almost centrioally within a 
second globe B, The spherical shape is used because, for a given volume, the sphere 
presents less surface area than any other Bhape. The inner and outer globes are each 
built up of two hemiBpherical spinnings or pressings, joined together by soft solder. The 
inner neck G is soldered into a plug E of solid brass turned from bar metal, and in turn 
the plug is soldered into the outer neck D of solid-drawn copper tube. The neok is 
strengthened by a conical collai. The vessel stands on the beaded edge of a sheet-metal 
ring soldered to the body. 

The air between the si^r«a A and B is withdrawn through a pure lead tube 6, prefer- 
ably more than ^ in. in bore. The lead tube, previously tinned with solder on its inside, 
is squeezed and malleted fiat when evacuaticoi is complete, and then burned off with a 
small Bunsen flame. A cup-shaped cap is put over the lead seal to proteot it, the cap often 
being filled with bitumen or wax. In Fig. 11 and Nos. 2 (uid 5, Fig. 3, the seal cover is a 
short piece of brass tube which acrews over a ring permanently soldered to the flask round 
the seal. A fiat lid is screwed on. The latter arrangement more eflectaally preserves the 
seal against injury. As has already been staled, the surfaces of the globes which face 
each other across the vacuum space are highly polished. It is barely possible to expend 
too much attention on the burnishing of these surfaces, for, as we shall see, the gi«atei 
part of the heat passing to the liquid air in the vessel is generally trajismitted by radiation. 
Only by obtaining the highest possible polish on these surfaces, and by taking care that 
the polish is not impaired during the construction of the flask, can radiation be redaced. 

The vacuum of a container of the design of Fig. 7 is held by seven soft-soldered junctions 
of which two, namely, the equatorial joints ot the spheres A and B, extend together to ft 
length of Tj- ft, (2^ metres). Evidently then, no operation in building a flask is m<xe 
impoii»nt than that of soldering, and the suitability of solders and fluxes receives attention 
in the report of the Oxygen Research Committee. 

The bore of the inner neck 0, Fig. 7, is usually cither J or J in. ; the latter ate is 
preferable ; it allows of the flask being filled and emptied more readily. 

The German practice is to allow the inner globe A to hang freely within the outer 
globe S, and not to employ steadying pads or pieces extending across the vacuum space. 
Their reason for omitting such pads is probably not so much that they would conduct 
heat— for their influence in that respect cut be reduced to negligible proportions — but 
that they would prevent the contact of the inner luid outer globes in the act of pouring 



FlO. 11. — Porcelain Vacuum Container, 25 litres. 



Fig. 12.— 300-lb. Liquid Air Ston^e Flaak, Newcastle Rescue Station. 



oy Google 



,1,1.0, Google 



16 

liquid from the tLwk. When the neck is only } in. in boie tlie oontaot ie helpful in pouring; 
it accelerates evaporation in the flask, and the resulting gas asaiata in ejecting the liquid. 
When the boie is i in., ponring becomes a suffioientlj rapid operation to make anj such 
atn assistance of little account. 

We prefer the [vactice introdnced by the Beeearch Department of the Air Ministry 
d {HVTiding fow or six eqoally-epaoed pads of calcined asbestos in the Tscuom and c]os» 
to the eqnattaial joint. The pads are fastened to the outer globe, and do not quite leaab 
uiow the raonnm. There is thus no actual contact until the veaael is inclined from the- 
vertical. The pads greatly reduce the movement of the inner vessel relative to the oater 
one, and by so doing lessen the strain np<Hi the soldered connections of the inner neck. 
They prevent the continual bumping of the iimer against the onter vessel during trans- 
pcstation, thus lessening the loss (d liquid air by evaporation — a loss whioh is considerably 
enhtmced by frequent contacts of the oold and vann globe ; and, in addition, they remove 
the neceesity which otherwise prevails for a long, flexible inner neck. We shall see that 
Bnch a long, slender neck as that of the container. Fig. 7, is not needed to render heat 
transfer via the neck small in amount, and that, [xoviding the container is fitted with buffer 
pads or with an equivalent device to reduce lateral movement id the innw flask, a aborter 
and steoter neck may be used in the interests of strength and convenience. 

Fig. 13 (a) is the usualway of nifcVjng the equatorial joints of metal vacuum flasks. 
We have used the land of joint (&) for a few cfmlainers. Its strength is superior to that: 



(<D <b) 

Fio. 13. — ^Methods of making the Equatorial Joint. 

oi (a), but it sufiera from two drawbacks ; it increases the cost of the flask, and prevents 
it being taken to pieces unless one or both of the outer hemispberee ate destroyed. 

The experience 'gained at resone stations and elsewhere proves that cA all the joints of 
a container ncnie is so likely to give way as that at the bottom of the inner neck. The 
osasi form of that joint is shown by Fig. 14. The attachment is obviously weak, having 
regard to the fact that the whole of the weight of the liquid and inner sphere beara upon 



Fia. 14, — Usual Fcxm of Joint at Bottom of Contuner Neck. 

it, and alao that the junction is subjected to sudden changes of temperature which impose 
etratn owing to the differing coefficients of expansion of the neck-tube and the Bpherical 
body. In the container No. 2, Mg. 8, the joint in question was satisfactorily strengthened 
in the manner indicat«d in £1g, 16. The neck A was soldered into a flange B ; aft«rthe 
hemisphere D had been fitted into place the clamping jneoe C was screwed on hot. All 
the surfaces of ocmtoet were well tjmied beforehand. Other methods of connecting the 
&eck are described in the report of the Oxygen Research Committee, 



It is desirable to prevent theae bottlea being entirely emptied of liquid air ; » little 
should remun to keep the bottle cold and so fooilitato lefilling. It is also advisable to 
take precautions against the liquid apIaHhing against the neck during transportation, or 
the flask is apt to lose liquid by spurting, Both objects can be secured by providing a 
" splosh-ring " B, Fig, 16, at merely by continuing the neck A l\ ins. into the bottle, 
though the latter method is inferior to the splash-ring as a means of preventing spurting. 



Fia. IS. — Improved Joint at Bottom of Container Neck. 



Kfltbodl d Holding the OharooaL — ^A method of holding the charcoal common in Qerman 
containers has already been deecribed. It consists In providing a dish F, Fig. 7, to support 
the charcoal in oontBct with the cold inner sphere. In this instance the dish, which is 
itumished with gauze-oovered openings, is securely soldered to the globe around its edge, 
«nd its outer surface is polished. An alt«inatfve which has led to a number of failures is 
that of " tacking " a charcoal dish by solder to the inner sphere at six or eight places 
Tound the edge. The spaces between the taoks provided the necessary connection between 
the charcoal and the voonum, while at the same time the fit of the dish to the globe was 
siKBoiently dose to prevent escape of the ehorcoal. The method was introduced to avoid 
the need for gauze-covered openings, but that advantage was bought at too dear a price : 
owing to the weakness d tbe tacks, the dish was apt to fall away when the vessel was in 

It is a merit of the above methods that the charcoal may be introdnced after Ok irnole 
<fla& has been built and tested for leakage. F<» this purpose round holes on out, 
nmniediatoly opposito each other, through the enter globe and the dish at their lowest 
^Kiinte, the former being the larger hole. Before testing for leakage, the hal& in tiie outer 
«phere is covered by a thin copper disc soldered on ; after that teat the bottle is iovertod 
4and the disc removed ; hot charcoal is poured into the dish throngb a fnnnel ; the hole in 
Ihe dish is closed by a gauze or disc soldered on, and, lastly, the disc is again soldered 
•over the out«r hole. Many German flasks are fitted in this way. 

A method of h<dding the charcoal whioh we have found satisfactory was snggested by 
Dewar in 1918. It is illustiated by Fig. 10, and consists in placing the charcoal in a tube F, 
'Crossing the lower inner hemisphere. The ends of the tube are covered by game soldered 
■on. The tube, whioh may be of pure lead or of copper (solid drawn), is generally bent 
jn the plane at right angles to that of the section in order to increase it« length and to 
-avoid contact with the stem of a funnel or other tube inserted throngh the neck. 

It has been objected that the gauzes are apt to catch in the buffing cloths, and that 
polishing powder lodges in them and is difficult to remove. The objection has no weight 
unless the charcoal is introduced and the gauzes soldered on before the p<dishing is com- 
pleted. The chanMWJ, whether in tliis or in any other arrMigement, should only be 
inserted at the last possible moment, or else it rapidly absorb* moisture, whioh prolongs 
the subsequent evaouation. In this case the charcoal should be left out until the fiaak 
thss been completed up to the attachment cd the lower out«ide hemisphere. The intro- 
•duction of the charcoal and the fixing of the gauzes is thus followed by two operations 
-of construction only, namely, the soldering on of the lower external spinning and of the 
oing bottom on whioh the container stands. (Also see " Drying of Charcoal," below.) 
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Haton ot Qie (SuinxML — Dr. Biigge and bie asuBtants have carried out a long aeries 
of ezperimente which extend our knowledge of the action of ttte oharooal osed in Demr 
fltukg. The theoretiool impIioatiODB of theee experimenta havD been dealt with in a. 
separate paper* and need not be i^erred to here ; but certain practical conolnsioiu require 
to be diBCuaaed. 

That charooal employed in theee flaska has been " activated" — that is to say, it has 
been mbjeoted to a treatment vhich baa greatlj improred its power of diwolving or 
adsorbing goa. The treatment may be long-continued beating in a alightly ozidiain^ 
■tiDMpbere, heating in an atmoepbere of auperheated steam, or, aa in modem Oerman 
practioe, impregnation with certain salts which yield a final [mxliict containing a amalL 
peroentage cd exoeauTely finely diMeminated iron or Einc. 

Fiom the pnoeot point of view the beet oharoo&Ia for activation are the denaest, and 
especially those made bom coooanut ahell and fruit shmea. A good ohafcoal — not go 
much used in this oonneation a« fonnerly — is that of birch. The German impr^nated 
charooal ia ligbtei in weight, being gennally of pinewood. 

' PMdUlitr ol Kzplodon of CIuvdokI in TMniun Flukl.— During the wai a numbra of 
explosions took place, especially in Germany, owing to Dewar vemels containing liiinid 
oxygen being suddenly pierced by a sharp instrument. If the oonstfuction is as Fig. 7, 
and the implement be driven through both aphsres from below, the liquid will be auoked 
into the vaonum apaoe and will drench the charcoal. So strong is the afSnity of activated 
oharooal for oxygen that rapid chemieal combination may ensne ; there will then be an 
explosion. 

The problem was explored by Frofeasor L. Wohler.f who discovered that impregnated 
cbarcoala, partionlarly those oootaining inm, were most apt to explode in this way, and 
care is now taken in Oermuiy that the charcoal used for the purpose shall bo iron-free. 
The risk ia much lesa with British-made vessels, since w^ do not use impregnated charcoal. 

The danger is also less with dense coal-like charcoals, auch aa those of plumstonc and 
cocoanat, than with light, flaky charcoal, auch aa that prepared from beech-husks. It ia 
also much smaller with enriched air containing 60 — TO per cent, of oxygen than with 
almojt pure liquid oxygen. Again, the chance of explosicm ia lesa when the charcoal is 
held in a tube (Fig. 10) than when held in a diah (Fig. 7). 

The probability of the occurrence cd the kind of puncture able to deluge the charcoal 
with the liquid is slight in connection with mine rescue operations ; indeed, we know of 
no instance in which that particular accident has happened at British rescue stations or 
mined. A satisfactory safeguard is to pack the container with slagwool inside a strong 
out«r case, as is done in this country when liquid air ia carried on t^e railway. 

In view of the poanble future extension of the use of liquid oxygen, experiments have 
been made in o<m)nnotioD with tbe Oxygen Beseatoh Committee to find out whether any 
nm-inflamm&ble substance could be used in place of charcoal in these flasks, for, if so, 
its adoption would entirely eliminate the danger in question. The most promising of 
these sidMtanoes was colloidal silica, and a silica was eventually made in the Edinburgh 
laborabxies which exhibited, we believe, higher sdsorptive power at ordinary pressure 
than any inorganic compound yet prepared. On nitrogen, at the temperature of liquid air 
and at atmoeplwrio p r e ora re, that silica had 166 per cent, of the capacity of the best coooa- 
nut charcoal. Unfortunately, the holding capacity at atmospheric preware has little to 
do with an adabrbent's power of taking in gas or vapour at very low pressure — and it ia 
in the latter connection that the substance is required in vacuum veesela. The silica was 
greatly inferior to plumstone and coooanut charcoals in its power of creating a vacnnm ; 
moreovra, its preparation is lengthy and would be expensive. A description of the method 
ol making the silica, and of many other compounds and mixtoree tried in these experiments, 
has already been pnblished.it 

ftabemUity. — If we determine by experiment the weight ot nitrogen which is taken 
up by one gram of adaoriient at liquid air temperature and at gas-pressurea ranging from 
zero to 760 mm., ttad if we plot the data so obtained, taking pressures aa abeci^ae and 

■ H. BaiaoB, "Hie AdsoipUoD ot Qu bv Chftroosl, Silisa and oUwr Snbatuicca," Proe. Boy. Sec A., 
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'mights kdiorbed u ordiiiMM, a cmre raembliiig A, Fig. 10, is obtuned for cocoaoiiit 
«b^c»l, and ooe leeembling B for the silica just referred to. Now we give to the 
«harcoal of the Dewar TCewl the dnt^ of reducing a [resBiue already reiidea«d am&ll by 
pumiHsg to Goe which is smaller itilL Clearly, what toatton in that operation Ja 




ftteSSVHE 

¥ta. 16^-To illmteate Fnheiiail%. 



(he form the ciure takes at, and close to, the <sigiii. The evaoaatlng pown of as 
adsorbent is, indeed, mdioatod by the ilope at the origin of it« isothenn [t.g., A or B, 
Fin. 16) for the particular gaa at the paitioolar temperatore. The snbetanoe giving onm 
A is more useful in evaoaation than that giving onrre B. 

The slope of an isollierm at its origin has been tamed the prthentiUfy of the substanoe 
for the gas and otniditicma expressed by that cnrve.* 

Premue-rednction Factor. — A problem met with in oonneoticm with Bewar Tessels 
is the Taouum produced by the charcoal when it is cooled to liquid-air temperatora, the 
pressure having been rednoed to a known value prior to the charcoal ctHning into action ; 
or, again, we may wish to ascertain how far the pteliminaty eraonatitm OD(^t to be carried 
to enable the charcoal to bring the pressure down to a desired point. An approximats 
though useful solutdcm of such problems is now possible as the outcome of the experiments 
of Lambert and Briggs. If P be the pressure eziattng in the envelope of a Dewar flask 
before liquid air is poured in, and p be the pressure after the liquid is inlxoduoed and the 
adsOTbent has come into action, the ratio of the initial and final pressures in the space, 

p 
i.e., '-' is spoken of as the presgure-reductioa factor, f. 
P 

Major Lambert, of Oxford, carried out for the Oxygen Research Committee a series of 
-valuable expraimente on charcoals and some inorganic colloidal adsorbents, in which 
teats a known volume of one of the dried materials was cooled to the temperatote of liquid 
oxygen and allowed to abstract the residue of dry air from a vessel which hod previooaly 
been partially exhausted. The initial and final pressures in the vessel were taken by 
means of a delicate UoLeod gauge. The total internal volume of Lambert's apparatus 
was 610 c.c, and in each test 10 c.c. of the adsorbent, in the granular state, was used. 
The following table, which is derived from a more complete table in the Oxygen Com- 
mittee's Beport, gives the relation between the initial and final piessures in Lambert's 
apparatus when the former assumed valties cirea 0*1, I'O, and 10 mm. respectively: — 
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Btdaeiion o/ Pretture : voJuJM.of adaarUitt, 10 c.c. ; volume of apace tvaeuated, 
610 e.c. ; adtorbent cooled by liquid oxj/gen. 
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mm. \o.ITO 


0-OOOOOfi 
0-OOOOOB 
0-00003 


11,600 
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BiiCBh palm cut ohuooal 
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0-0002 
0-OOOlfI 


10,340 
0.100 

7300 


. Blituh palm Dut ohUDcwl 

.Silu»gel(Aineri«ui) 


oire» 1-11-34 
10 -{12-OB 
mm. \l!-l 


0-0008 
0-003 
0-00* 


14,176 
4,017 
3.02B 



Other experimeate* on higher initial precBUTM proved that, Tolume for volume, the 
plnmatone chorooal nutde doiii^ the war hy the Britjah dnti-Gaa Dep^iment wu pre- 
ferable, for the prodnotion of high viwnia, to uij othei tlwn available (1920). At the 
same time it waa shown that even the beet dlica — and <me considerably more aotire thui 
the American variety wm prepared — was very inferior to a good charcoal in evacuating 
power ; ailica, moreover, does not act so rapidly as charcoal in absorbing gas »t low oon- 
«en4xation. and should there be any hydrogen in the envelope of the flask, virtually n<me 
-of it can be taken up by silica ; an activated charcoal, on the other hand, exhibits, at 
— 190° C, a good deal of physical affinity for hydrogen.^ 

While celloidal silica may be of use for small Dewai vessels intended to last a com- 
paratively short time, it cumot be leoommended far containers which are expected to give 
satisfactory service, without the need for re-evacuation, for a few years. 

A metal container of 50 lbs. capacity has a vacuous envelope of 6-27 litres, uid is 
j^eneially provided with about 200 grams of oooocmut charcoal or the same vtdnme of some 
other charcoal. 

The volume of the charcoal is about 0-46 litre ; the relation between the volume 
«VBCuated and that of the adsorbent is, therefore, 13-6 : 1. The equivalent relation in 
I.ambert's apparatus was 61 ; 1, or 4-6 times that for the container. If we may assume 
' the presBure-reductiou factor to be directly as the amount of adsorbent used, that factor 
-for the container will thus be 4-6 times any ooe of those of the above table, depending 
apon the kind of absorbent employed. With a usual charge of British palmnot charcoal, 
for example, an initial pressure of O'l nmt. in the vacuum space wilt be reduced by the 
charcoal to about 0-000002 mm. when the container holds liquid air. At that final jffeesuie 
the transference of heat across the vacoous envelope by conduction is negligible. Even 
if the initial pressure is as high as 1 mm., the final preeeure will only be about 0-O0OO2 mm., 
and, again, the conduction low will be of KtUe aoooont in comparison vrith the loss due to 
radiation. 

Qiven that these metal flasks contain a sufficient weight of dry charcoal, then, it is 
vnneoesaaiy, in the preliminary exhaustion by pumping, tc reduce the pressure in the 
envelope to the very low value required with the glass flask ; the charcoal can be depended 
on to transform a coarse into a fine vacuum. 

Drying ol Oluttooat — No charcoal should be used far a Sewai vessel without first being 
thoroughly dried, because dampness greatly exteitda the time of the evacuation ; it also 
reduces the [a«hensility of the charcoal. Onoe the dry charcoal is introduced, the flask 
should be sealed up with the least possible delay, aa these charcoals absorb water from 
ihe air with more avidity than oaloimn chloride, and eventually take up, at room tem- 
perature, about one-quarter of their weight of moisture. 



• Ibid. 

' t H. H. Sheldon. PA^i. Ben., 1920, 16, 170, by aubjectlng it to ■ tempera 

faonn in vaouo, haa been abln to propara t, oharooftl which ia actuallj able to absorb more hydniBeD thai 
nitragen. It do» not follow that that ratio will be the sHOie at the per; low preeaore at which adiarptiai 
tikoa place in a Taouum bottle ; bat if it erei becomes deeirable Co make flsiks of Bteel— a 
^pp»ciable amoiinta of hydrogen — Sheldoti^B proeesa would become worthy of careful atad^f 
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An entirely erroneons impreaBioa hu grown tha.t, in drying, cate must be taken not to 
overheat the chftrooal, or it« motivation will be injured. Actually, the only risk of over- 
heating ia that the material may go on fire. If a small furnace of the reveiberatory type- 
be available, giving a rednoing atmoaphere, the charcoal may be dried by beating in tbJQ' 
layers at about 600° C. for two or three hours. If the drying baa to be done in a muffle, 
the charcoal should be spread out m lAin toyer* on metal trays, and be kept at 300°— 
400° C. for four hours ; it should he stirred from time to time. This final heating, 
instead of spoiling the activation, has always, in onr obserrations, slightly improved it. 
Even after these proeeaaee the charcoal will retain a little moisture — usually from ^ to- 
} per cent. Heating for a long time at 1,000° C. does not dispel every trace. It will 
thus be realised that any attempt at drying at 100° — 1G0° C. at atmospheric pressure, 
even when pnilonged over several hours, wUI be inefiectnal. 

We have made use, for small fiaaks, of a variant upon tbe construction illuetrated by 
f^. 10 wbtoh has the advantage c£ preventing, more completely than hitherto, tbe charcoal 
adsorbing moistnre. We see no reason against its adoption for large veewls. The method 
is shown by F^. 17, which is a vertical section of a portion of the lower half of the veesel. 
A is the enter and B the inner globe ; C is a stxa^ht, solid-drawn copper tube. The 



PiQ. 17. — Use of Charcoal in Tubular Cartridge. 

figure indioatea the manner of bending in the metal of the hemisphere B round the tmA of 
the tube (7, so as to form pockets for the solder. The charcoal Q is held in an inner tube 
D, of thin brass, which tube is a sliding fit in C. J> is closed at one end by the disc F. 
The charcoal tube ia prepued and sealed, independently of the reet of the fiaak, in the 
following way : — The charcoal is dried in the manner above described. Immediately 
upon its removal from the fnmaoe it ia dropped into the tube £ j it ia well shaken down 
(it may be forced into place by pressure) ; the mouth <^ the tube is connected to a aulphurio 
add bubbler so that, on cooling, the charcoal can take in nothing but diy air. When 
tbe oharooal is cool and bubbling has ceased the tube ia disconnected from the drier,- 
the loose pli^ B, of calcined asbestos wool, is inserted, and a disc of coarse brass gauze, 
J, soldered across the mouth. The gauze ia then quickly smeared over with molten Wood's 
metal, which readily adheres to clean brass, and which thus seals the tube. Wood's 
metal {Bi 15; FbS; Sn4; Cd 3)melte at 160° F. The tube, thus sealed, may be kept 
any length of time without deterioration of the charcoal. 

When the flask is completed with the exception of the attaohment of the lower external 
hemisphere, the charcoal tube is slipped into place, held by a touch of solder at L, and 
a small guard, K, intended to catch the fusible allt^ when it melta, is soldered on. On its 
completion the flask may be subjected to leakage tests, the charcoal still remaining sealed 
up. When evacuation commences steam ia injected into the inside of the bottle, the fusible 
metal runs oS the gauze J, and the chucoal is for the first time exposed to the vacuum 
space ; since it is dry, evacuation is a short process. 



Decay ol Vacua in Hetal FUakl. — Every metal vaouimi flask, after being in use tor a 
longer or shorter p^iod, requires re-evaonotion. It is subject to the entry of air through 
openings which are so excessively minute that no ordinary test for leakage will reveal them, 
and eventually — it may be some months or some years after the original evacuation — air 
has accumulated to such an ext^it in the envelope that the oharoosj is no longer able 
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sufficiently to feduce the [veMure when liquid aii is poured into tbe vess«l ; H a raanlt, 
a ooatainei which at first had an evaporation rate of 3 lbs. of liquid per daj will 
.gradually deteriorate until its original rate is doubled — when te-evaoaation becomes 
dftrinble— or tiebled, when re-evacuation beoomM imperative. 

In order to obtain definite figures as to the rate of decaj of the vacua of tbeos dtteks, 
and as t« the magnitude of the " initial preesure "under praoticnl conditiims, experiments 
have been made with an apparatus by means of which the outer wall of a veesel conld be 
punctured, the preosiu^ within the envelope measured by a MoLeod gauge, and the puncture 
ae^ed without damaging the flask or spoiling the vacunm. A good deal of information, 
recently presented in a paper before the Royal Society of Edinburgh,* was obtained by 
means of this apparatus. The following aummary of the results will snffioe tor the 
^eaent. 

The most imp<Mlant set of experiments ware made on six 3-li^ gilding-metal flasks 
of the design shown in Fig. 10. These were identical in obstruction, and each contained 
10-45 grms. {23 c.o. gross volume) of plnmstone charcoaL The volume of the vacuous 
envelope was 1-163 litns. Ponoturing was always pertonned with the bottle at room 
temperature, inside and out. 

It must be emphaaiwd that all the 3-Iitie bottles tested were in serviceable condition. 
Their evaporation rates ranged between 34 grms. of liquid per hour {0-39 litre of gas at 
■0" C. per minute) and 60 grms. per hour (0 ■ TO litre of gas per minut«). With the exception 
of the first, whose vaonnm was 20 months old, the flasks were evacuated 27 months before 
they were first pnnolored. Tbe method of evacuation employed by the maker gave a 
«ompa(atively high degrto of vacuum. 

Flask No. 1, up(» being punctured, was found to have a preesore in the envelope of 
0-33 mm. The rate of deoay of the vacuum was, therefore, about 0-0166 mm. per month 
— a rate ocrresponding, it might be of interest to note, to the ingress to the vaonum of 
about 270 million moleoulea of air per sectmd. Thus air-tightness in a vaonim flask is 
-decidedly a lelative matter. The bottle — thanks to the charooal — was, nevertheless, 
serviceable ; its evapomtion rate was 56 grms. pec hour ; normally it would have been 
allowed to go many months longer before re-evacuation was thought neceosMy. But foe 
the charcoal, the flask would have become uaelees in a few weeks after leaving the maker. 

FUuk ^0.2, when punctured, was found to have a [Hessare in the envelope of 0-418 mm. 
Deoayirasat the rat« of about 0-015 mm: per month. 

Flaak Ho. 3.— rnkvehipe-pressure, 0- 1976 mm. ; rate of deoay, about 0-0073 mm. per 
month. 

Fladc No. 4.— envelopfr-pteasure, 0-0624 mm. ; rate of decay, about 00023 mm. 
per nuHith (unusually low). 

Fbuk No. 5.— envelt^-IKeesure, 0-17S6 mm.; rat« oE deoay about 0-0066 mm. 
per month. 

Flask No. 6. — envelope -prewure, 0-428S mm. ; rate of decay about 0-016 mm. per 
month. 

The average rate of deoay ot the vacuum of these six 3-litre flasks was about 0-011 mm. 
per month. 

A similar ekunination was made of two Heylandt vaporisers.f built in Germany. It 
i* Dot known how long fffevious to puncturing the evaouatiw was oanied out. The first 
was a 3-Iitre brass vessel, losing by tranquil unassisted evaporation 61-7 gnns. pec hour; 
it« vaonum was 0-0717 mm. Tbe other was especially interesting in being the mily steel 
flask examined ; it was a 2-litre bottle, ot the usual form of construction, all j<nnt8 being 
made by soft eolder ; its unassisted evaporation-rate was 61 ■ 4 grms. per hour (high for a 
flask of this siee), and its vacuum 0-018 mm. 

We also determined the [xessures in the vacuum spaces of three SO-lbs. containers, 
which were selected for test beoause their evaporation rates were excessive. The early 
history of the containers could not be obtained ; nor do we know the character and weight 
'(rf the charcoal they held. 

The first c<mtaitier had an erapomtiim-rate of 6 lbs. 7^ oss. per 24 hours (128 grms. 
per hour) ; the vacuum was ■ 136 mm. If we allow for tbe possibility ot the charcoal heii^ 

* H. Bbcoos ftnd J. Mallhoob, "Fnrthtt Teati opoa D«rai ItukB luteaded to hold Liquid AJr,' 
Prte. Sey. Son. Sjis., 1933, a, IS). 

t We ore indebted to Mugn. Bmn and Milli for lending tbeaa veueli uid tbe conlaiDen for twt. 



poor in quality anA aasoniB a pressoi'e-reduction factor of only 2,000, the charcoal, wheD 
it came into action, would reduce the preesore to ' 000068 mm. At that preBaore the loss 
dne purely to conduction aoioes the vacuum space would be onl; 3 gnns. per hour. It 
appeared, therefore, that the high rate of loes was due almost entirely to radiation ; that 
conclnsioQ wm verified by re-evocnating to an initial pressure of 0-006 nun., when it wa« 
found that tlie rate of loss was only very slightly reduced. 

A eecoud container, losing Bi lbs. per day (180 grms. per hour) bad the remjwkably 
fine initial TBCunm of ■ 007 mm. It was discovered that the exceaaive loss waa due te> 
the charcoal dish having broken loose. 

A third, in which liqtnd air evapOTated at the rate of 6 lbs. per 24 hours (113 grms. per 
hour) revealed a pressure of 2*9 mm. in the vacuous space. 

Conduetioii ol EMtt Down flie Vedki oS Contaiuttt. — ^The heat flowing down the metaf 
neck is, with long-necked bottles, altogether, or nearly altogether, reoeived by the col<} 
gas flowing in a continuous stream up the tube, and none, or very little, enters the liquid 
from that source. Even with a vessel having a short, wide neck, like that of Fig. 10, the 
ingress of beat to the liquid eta the neok (the necib-IoM, osit may conveniently be ezpreesed> 
is little mon tbao a quarter the total ingress. 

The question was investigated by means of temperatnze meaauremente token at a 
number of pt^ts in the ne^ of four oontainttn in use at the Newcastle mine reecne statical. 

The cooolusioQs were further put to the t««t by making 12 special ooabuners with necks 
which were iriiorter and thicker than those commonly adopted for snch vessels. Ten of 
these containers proved to be sound, and their evaporation rates proved to be little, if 0117, 
greater than those of vessels of the type of Fig. 8. A comifdete aoconnt of these experiments 
has been published.* The reeulte indicate that container necks may be shcrtened with 
advantage. What is to be token as the minimum permissible length for any given section 
of tube must be left for the further experimenta now being carried out for the Oxygen 
iUeearch Committee to determine. It is, however, possible to suggest that a nook of 
solid-drawn German-silver tube, of 21 S.W.Q. (0-032 in. ; 0-8 mm.), jt in. bore, and of a 
length of 7^ ins., of which 6 to Oi ins. is surroanded by vaonum, woold be found serviceable. 
Shorter though it is, the conductivi'^ of that tube is consideiably less than that of the 
necks of the ten special vessels just infrared to ; its adoption would bring about a reduction 
of about 6 ins. in tlie ordinary height of a container. With a ^ort neck, the use of aabeatos 
pads (p. 15), or of an equivalent device to limit the movement of the inner globe, becomes 
essential. 

Such an alteration in conatmction would strengthen the flask and slightly reduce tbe 
weight, while underground truisport (an object we have especially in view) woold bft 
facilitated by the reduced haight. 

Lnwes by Evaporatioa doe to Radiation and Condnotion Aoron the Tacunm.t — As was 
stated in the introductory sentences of this Part, the chief sources of heat-transfer to a 
vacuum flask holding Uc^uid air are radiation and conduction across the vacuum space, 
and of these the first is, for a good flaak, by far the more important. It is, indeed, only . 
when the vacuum has been considerably impaired that the conduction-loss reaches a mt^ni- ' 
tude commensurable with that of radiation. 

Dr. Briggs deviaed a method of qnaatitatively determining their losses in any given . 
flask,^ and illustrated it by experiments upon a glass Btmk and upon one of tbe 3-litro 
" vaporiaera," Fig. 10. For the latter he alao ascertained the loss by oonduotion down the 
neck-tube (cupro-nickel ; 3} ins. loi^ ; 2| ins. surrounded by vaonom ; 7 in. bore ; metal, 
0-021 in. thick), which loss — tbe neck being unusually short and wide — was by no mefms 
n^igible. The method of experiment was to ascertain tbe total loss when the outaide U 
the bottle was kept for periods ranging between 9i and 21 hours at a series c£ constant 
temperatures between 10° C, and 100° C. The results enabled equations to be written 
whose eolutiona yielded the desired information, 

* H. Baioas, " Eipeiimeutol Analysis ol the Loiki b; Eriponlion of Liquid Air cODtuned in Tunnm 
FlukB," Proc. Boy. 8x. fldin.. 19S1, 41, 97. 

t In prepuins thii Ssotion nie «u made of phTsical oonstantfl and formols ao11«t«d b; tlia late 
Dr. J. A, HarkH, f.B.S., and hia oo-wocken. They aie included in the leport of the Oxygen BewaKh 
Committee, where a complete aeoannt and valuable oriticiam of thii melhcd of analyaing the evaporative loa 



Tbe reeulta for the 3-litra metal flask were : — ■ 
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At an ordinaiy external temperature of IS° C, the losa hy radiation wonld thus be thrioe 
that due to conduotim aoroes tbe vtumum spooe. Hod the le&eoting Biiriac«8 been polished 
to the highest possible d^^ree, tbe radiation loss would have been only about one-thiid 
oi itfl actual value. 

Let ua now conaider a 60-Ib, container ha-ving a long, thin neok like that of Fig. 7. 
As has been shown, the neck loss of snob a vessel is negligible, Tbe best copper container 
of this size regarding whiob we have direct information had an evaporation rate of 2^ lbs. 
per 24 bours (47 ■ 2 gnus, per boui) shortly after evacuation. The pressnre in the envelope 
having be^i reduced by pumping to lees thtui one-thousandth of a millimetie, the ohorcoal 
would, at liquid ail t«mperatnre, bring tbe pressure down so fu that the loss by conduction 
across tbe vacunm would also be negligible. Hence, virtually the v^ole of t^ stated 
evaporation loss was due to radiation. Had the polished copper surfaces been in the best 
possible craidition, tbe radiation loss would hare been only 24-4 grms. per hour; hence, 
-even in this favourable instance, radiation was nearly twice the lowest posuble. 

An analysis of the ease presented by the first of tbe three containers, referred to on 
p. 21, stows radiation to have been 2-S times the least possible for brass, the metal of that 
■flask. 

Sraas tamiBhea less readily than copper. Besjdte the lost esomple, the bulk of the 
-evidence pointa to the German brass flasks as having reflecting surfaces more nearly 
■approaching the perfect than onr copper ones,'80 that, though a copper surface at its best 
bos rather more than one-half the emiesivity of a brass surface at its heat, the actual brass 
florface in a vacuum vessel may have on emiasivity as low as, or even lower than, that of 
an actual copper surface. 

l^re is clear need of more attention to this highly-important question of the polish 
of the reflecting surfaces. The tendency is to expend too mnoh care on fine evacuation 
«nd too little on polishing and retaining the pt^isb. The flask should be completed as 
soon as poeaible after polishing the hemispheres. As little time as possible should elapse 
between completing a flask and evacuating it. Unless evacuation cui be performed at 
^mce, it is advisable to swill out the envelope with nitrogen, then temporarily closing the 
lead tube ; this prevents oxidation ot the bright surfaces and keeps the charcoal dry. 
"Testing for air-tightness should never be made by fcs:cing air under [a^ssure into the 
-envelope ; nitrogen should be used instead. 

A container ought not to be permitted to deteriorate for before it is re-evacuated, 
-especially if it be allowed to stand empty. The envelope of an empty vessel in second-rate 
-c<mdition may ctmtain air at an " initial " pressure ol sevraal millimetres. Low though 
tiiat pressure may be, we have observed it to cause oxidation ot the surfaces in course of 
time, witlt the result that, after re-evacuation, such a vessel will have a higher evaporation 
rate than is desirable. 

Evmcuatian of Dewu Flaskl. — From the practical point of view tbe main interest of 
tiie section on the deoay of the vacuum is that it shows the needlessnesa of excessively fine 
exhaustion of the envelope of a vessel in which charcoal is used. The experiments on 
3-litre vessels make it clets that, even were it possible to exhaust the space totally before 
•ealing-oS, the pressure init in a month's time would be, on the average, 0-01 mm. when 
tbe bottle was at normal temperature inside and out. It has also been observed that metel 
flasks with aatisfactory evaporation rates have envelopes in which the pressare. when the 
bottle is at normal temperature, inside and out, is a third or half a millimetre. 

In certain instsnces British plante intended to evacuate metal flasks have been designed 
to bring the pressure down to less than 0-DOI mm., .while some actually include large 



obarocMl bolba sMled to Mk eviunutiiig aytttm, which bulb*, wbaa codtd by liquid air, 
an intended to oonvert a piwmre, already reduced to a low value by pomiriiig, into on» 
very much lower still. Fine eraovation plant <rf thia dceoription 1* neceeMiy in con- 
nection with gloM or poToelain TAonum Teoeela, or in ezhauBting the bulba of inoandeecent 
electric lights ; to adopt it for Dewai metal fluke, bowoTer, ie not only to inour nnneoeeaary 
initial ezpenditnie ; it redooM the output <d the plant and incteaaee^the ooet trf the 
veesela treated. 

Be-eracoation baa been oairied oat for eeveral years at oertaJn En^Ieb reecne itations ; 
■imple plant — usually a hand-driren Qeiyk pump, and in one inataaoe a rougher pump 
■till — ia need, and the operatkn, judging by the erapcnation ratei ol the veeaels, is Mtda- 
laotory. 

Aoorading to Banneita, Rbein and Kntze,* Meesra. Ahrendt, the largest makers ot 
Dewar yeeeela in Germany, find it sufficient to evacuate the envelope roughly by means of 
an oil pump. 

The matter was tested further in maldog the ten special oontainera to which we have 
referred on p. 22. Six of these wen evacuated below -001 mm. The other four were 
pumped oat lou^y, uaing a simple upright meroury manometer as gauge ; the preeauTe - 
obtained would certainly not beleoa than O-I mm. and may have been as high as 0*S m"!- 
The average evaporation rate ot the aiz was 3 lbs. 10 ou., and of the four 3 lbs. 8 ou. per 
. day. The flaak with the lowest rate was one c^ the four. With the exception of the 
difierence in degree of evacuation, the veesels were identical. 

It might be argued that excessively fine evacuation is admiMible because the flask will ' 
then last limger before te-evaou«tion beonnea neoessaty. The answer is, first, tbat when 
the increase in time and ooet involTed ia c<mpared with the increase in life, the advantage 
claimed is found to be sot worth while, uid, secondly, that the additional life may bt 
secured muoh more cheaply by uaing a little extra oiiarooal. 

Evacuation to a finer vacuum than 0-05 mm. is unnecessary. If the charcoal ia dry, 
the operation ia aimple and speedy. He flask ia raised to a tempuature not exceeding 
100° C. by being placed in a steam oven and by havii^g a steam Jet blowing oS inaida. 
A single-blinder oil pnmp is suitable, and connections may bo made by stout rubber preasum' 
tubing, wired on. When the desired pressuie has been obtained the lead tube ia sealed in^ 
ihe maonor described (p. 14). 
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PART m 

MISCELLANEOUS. 

tompmutt Oinan Rtrlflnr Appuktu. — The ieviv«M at mine lesooe atatioiu are 
fiindpally of the mnple type, eoosistii^ of an oxygen cylinder, a reducing Ttvlve, a throttle, 
■ distensible bag and a face-maak ocnmeoted to the bag by a length of flexible tubing. Other 
forms are the Pulmotor, Biatt'a appaiatns, and the Lnngmotor, all of which aim at pro-' 
'^ing alternate inflation and deflation of the lnngH by arttflcia) meaiu. 'Hbe Pulmotor 
it chiefly remu'kable tar ita liability to get out of order ; it is the btV notr of reeone station 
sBperinteBdents. Bratt'a apparatus and the Limgmotor are rather simpler devioes in which 
the rate of forced breathing is directly controlled by hand instead of being meohanfcally 
'Ctatiolied as in the Pulmotor. 

We have tried all these devices ; in addition to the diawbachs of complexity, bulk and 
might, tho«e prodacibg forced breatiiing are phydologioally misonnd, and their nm ia 
not bee from seriooa danger. Fordbly to blew o^gen into lui^ which are already dis- 
tended to the fall, at to apply strong motion to Inngi already deflated, is to risk permanent 
injory to those organs. Again, though one (artas to rednoe the poedblUty by drawing the 
tcDgBe well fmward, then is a ohaaoe of tlteae apparatus fsnotioDing upon the stomaoh 
instead of on the lungs. We therefore consider that all forms of forced-breathing revivers 
diould be abtmdoned, and that the simfde fcrm, in coDJonoUon with artificial respiration, 
dUHild be employed solely. 

A dahot of some existing simple levivers is the sniAlI size of the cylinder. In one 
iutanoe the volume was uoertained to be 130 litres when charged to 120 atmoe. ; if 
tbe oxygen ««re being delivered at the rate of 7i litres per minute — and a less rat« is seldom 
frscticable, as the apparatos is a non-iegeneratoi — the cylinder would last only about 
17 minutes. In the extreme ease 12 litres per minvte may need to be fed, and then the 
^liuder wonld be exhausted in 11 minutes. The cylinder of the Pulmotor is larger, the 
volume, expanded from 120 atmoe., being 264 litres. It is tnie that a spare cylinder may 
be carried with any type of reviver ; bat in any case it would be preferable to equip the 
^ipliuioe with a cylinder capable of holding as much as that of a rescue apparatus, namely, 
280 or 200 litres. It would be convenient if the same kind of cylinder were used in both 
rescue and reviving apparatus. 

The tube between the bag and the face-mask often has too great a resistance. An 
undae resistance at this point may defeat the purpose of the appliance. This tube sboold 
be made ahDrt«r and wid^ tlum is common. The outlet valve from the mask, again, 
should not be too small j a Bosling valve (Second Rept^, p. 31) is a suitable and simple 
tern. * 

A reviving apparatus may be needed either in foul or fresh air. In the former it must 
t« able to supply the whole of the longs' reqoirementa ; in the latter, however, it is more 
Monomicol and quite as serviceable to supply, say, 2 litres of oxygen per minute to the 
patient, providing that there are the means of enabling h'"! to make up the volume to 
T arS litres per minute (an average lung ventilation) by drawing in oatside ait. Fig. 18 




Fio. 18. — Faoe- mask f IK Reviving Apparatus, .e; jvCiOOylC 
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is tbs boat view of a faoe-pieoe deaigned b; Dr. Haldone for »dinittist«r{ng oxygen to ^»- \ 
pktients dnring the War, And now modified to pennit of its ilm in eittter foul or fireeh ur. 
The oxygen inlet tnbe ii ftt A Inside the joint-box £ there is k Talve, which closes dorii^ '. 
exhalation. Oism fiosling exhaurt valve ; D is a thin rubber flap, held at one edge, Mid 
eq,nally free to swing into at ont of the inaak ; £ is a olose-fittii^ metal slide (shown in. 
the oft positicm), by meana ot which it is poeeible to olcae the opening in which D is set. 
When the appliance is being nwd in poisonous air the slide is closed aod expiration take» 
place through C. When in nae in fresh air the slide is left open, and the oxygen supply 
cut down to about 2 litraa per minnte. TheflapunpoaeaAveiy slight reaistanoe to indrawn, 
air — a resistance suffi(^ent to ensure that the oxygen from the supply pipe is inhaled first 
and is drawn to the bottom of the lungs ; then the flap move! aside to allow freeh air to paaa. 
and so the lun^ are able to fill themselves. 

The mask is held in position by elastic bands passing from the loops Ground the patient's- 
head. It will be obaerved that the inlet tube A is tamed to qdo aide ; this is to fMnlitato- . 
the administratitHi of oxygen dnring artificial respirati<m by Sohafer's method, when the 
patient is lying face downwards, A regular practice is made of turning the head so that 
the left side is undccneath. During use the reviver stands on Hie right-band side of the 
operator. 

The throttle, attached immediately aftcf the reducing valve, should permit of the rate 
of flow being adjusted from 1 to 12 litres per minute. A fiow-gange would be a naeful- 
auxiliary to a reviver, especially when tiie appliance is used to give oxygen in freeh air. 

It has receutly been shown fay Professor Yandell Henderson and Dr. Howard Haggard* 
that, after e&iooB gassing with carbon monoxide, the breathing is so mnch diminished 
(as the leanlt of excessive washing out of carbonic acid from the body and other causM> 
that oxygen alone is ctmipanitivelj ihefiective in removing carbon monoxide from the' 
blood and promoting recovery. Thej therefore introduced the plan of nsing o^gen- 
mixed with about 5 per cent, of carbonic acid. In experiments on animals it was found' 
that this mixture was very greatly more effective than pure Ofygfia in promoting recovery. 
Owing to the free use of carbuietted water-gas for lighting pnrpoecs in American towns, 
there are many cases ot carbon monoxide poisoning. To deal with this situation special 
emergency cars with trained crews have been organised in New York, In the Borough t^ 
Manhattan, City of New York, the Gas Company keeps five such cars, each with three 
crews on duty in successive ahifte, so that a oar is at once available at any hour. This 
organisation made it possible to test on a sufBciently la^;e scale the use of the new mixtare- 
for reviving purposes, uid the results were very favourable. ^ 

There seems to be no doubt that, wherever the method is [mcticafale, far bett«r resultB' 
will be obtained if 6 per cent, of carbonic acid is present in the oxygen used for reviving. 
Unfortunately, however, the quantity of gas needed is large, so that a larger cylinder i» 
required. This will, we fear, militate against the general use of the new method for under- 
ground emergencies; but it can be applied under some conditions, Henderson and 
Ea^tad describe an apparatus for the purpose. 

Llaoid Oxnten ReviTing AwaratujL — ^Though the appliances now to be described hav» 
not yet been used for resuscitation purposes in Tninee, we think it advisable to deal with 
them, having in view the fact that, at stations where liquid air is emplcyed for lesooe 
apparatus, revivers which are also supplied with liquid air or liquid oxygen might at some- 
future period be preferred. 

Though other forms of liquid oxygen vaporisers were known before. Sir Jtunes Dewar 
was, we believe, the first to devise a eonduetion vaporiser — of which Griffiths' is the 
Jatest form — a type in which the evapraation of the liquid in a vacuum flask is stimulated 
by admitting a controllable amount of heat from the outer atmosphere. He also introduced 
the tUelrie vaporiser, in which a resiBtance coil is inserted into the liquid through the nedi 
of the fiask. By varying the current passing through the ocal, tiie gaseous dischai^ can 
be adjusted readily and accurately. Though valuable for ootun other purposes, the 
electrio lana is, however, lees serviceable for mine rescue pnrpoees than the two hen 
described, 

D BtniacdUlioD hont Ctabon Umuiid* 
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Yet ft third prineiple i* that of tha H^landt nporisw (Fig. 19],* when liquid air i» 
fcreed from the Tacniim flaak into mi external boiler, in irluoh tt volatiliaea. la the fignrSr 
i is the Taonnm flaak, and D ft tnbe leading into the iheet-metal IxHler, S, irhioh ia- 
prorided with ft nnmber of holloir finger-like pregectiona, B, aerring aa heat-catohera. 



Fw. 19. — Hejlandt Vaporiser,^ 

The bottle is filled through the neck, B, which ia then cloaed by a screw atopper provided: 
with a oanTing handle. Evaporation of liqnid in a flaak (atimnlated at first by tnming 
the bottle upaide down) piodnces an increase of preasore in the bottle. The pressure is 
regiatered by the gauge 0. There ia a relief-valve F, which ia adjnstod to discharge at 
about 12 or 15 Iba. per sq,. in. 

Gaa prodnced in J? by tlte evaporation of liquid eyphoning over ia conducted into a 
second boiler, K, whose fimotion is to oafoh and evaporate any liquid which may be oairled 
acrcea with the gaa ; tlten the gaa passes throngh warming ooile, L and Jf , to ft throttle- 
regulati^, S, and thence to a distenaible hag, F, and to the tube leading to the patient'a 
face-maek. The flow is controlled by S, When that valve is nearly closed, pressure in the 
boilers, E and K, increases, and the diacharge of liquid by the syphon tube, against tbat- 
presHure, ia lees rapid. When S ia opened at full, the baok-piessure in the boilers is i«lieved 
tmd the liquid paaaea over quickly ; when the regulator is completely closed, the only gaa 
discharging is that dae to normal evaporation in the bottle — a flow usually amountii^ to- 
} or J litre per mlnnte. 

The Heylandt vaporiser haa the advantage cd not fractionating the oxygen-nitrogen 
mixture ; t^at is to say, if the bottle contains a liquid mixture of 60 per cent, oxygen. 
and 20 per cent, nitrogen, the gas discharged by the vaporiser has also that composition. 
It is, in fact, the only known form for which that merit may be claimed, and thus the only 
kind that can be adopted if the liquid contains a relatively large amount (20 to 40 per cent.) 
of nitrogen. The flow from this vaporiser can be regulated with ease and certainty over A- 
range suf&cient for resuscitating purpoaea. 

Mr. £. A. GrifBths' vaporiser is shown in Fig. 20.* It consista of a copper vacuum vessel 
with interior charcoal tube, F, the inner sphere being packed with aabestos wool, B, 
which ftbaorbs the charge of liquid and prevents spilling. The base of the bottle is formed 
of an aneroid diaphragm, ^ ; to the diaphragm is attached, on the inner side, a disc of copper, 
B. The figure shows the poeitioo in which there is a gap between the disc, B, and the inner 
Teasel ; in that podtdon the only gas emitted is due to normal or unassiatod evaporation 
within the fiaak. There is a small hand-wheel, D, by means of which the diaphragm may 
be fle^sd in sod the diso brought against the inner bottle. More or less pressure can be- 
exerted between the two, and the heat-condnotivity of the bridge across the racvum 
space thereby altered. To increase the range, we carried out a variant upon the desigot 
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Fio. 20.— Griffith* Vaporiaer. 

illustratod ; in this, the greater part of the lower outer hemuphere vas replaced by a 
■copper shell having ciroulai cormgations ; the cmitaot piece, B, was also entailed. The 
oormgated shell took the place of the German-silver diaphragm, omd was & more effective 
heat^catcher. In this way ratee of flow aajwhere from 16 to 0-6 litres per minute were 
obtainable. 

Griffiths' appliance la simple, compact, self-contained and readily anderstood bjr the 
non-Bcientifio operator. As already stated (p. 4), it was originally intended as the means 
of supplying oxygen to a lesone apparatus, but probably it will find a wider field of utility 
as a leviver and in hospitals. Aa the appliance fractionates a nitrogen- o^gen ntixtare. 
■causing much of tbe nitrogen to be volatiliaed first, it is not Huitable for the liquid " air " 
now made at our rescue stations ; it should, indeed, be charged with liquid containing over 
95 per cent, of oxygen. 

At the temperatures we find in British mines no difficulty is to be anticipated in auffi- 
■oiently warming the air feeding from a vaporiaei to a breathing maek. Convolutions of 
■copper tubing, as in Heylandt's form, may, of courae, be used, but we think a aimpler and 
better way is to allow the gaa to pass through a 15-ft. length of ordinary rubber bnnsen 
tubing fitted between the vaporiser and the bag. We have often naed a 12.ft. piece in 
-this way, and have never had any trouble on the acore of excessive cold. Mr. Griffiths 
passes the oxygen through four narrow metal coils encircling the neck of the flaek before 
letting it enter the flexible tube. 

The Prooen ol Ahiorptioii of Cubon-dloside b; Solid Canitio SodA.— As was stated in 
Ibe Introduction, Dr. £. Gilchrist was given permission to publish an account of a 
series of experimento on the manner of absorption of CO3 by caustic soda which she and 
Mr. D. Penman made while acting as assistant« to l>r. Brig^ A fall description of the 
apparatus and experimental method will be found in Dr. Gilchrist's paper.* It is sufficient 
here to say that the soda granules reeted on gaiue trays held in a metal case, so aa to repro- 
duce, as nearly as possible, the conditions obtaining in the purifier of a rescue apparatus. 
Arrangements were made whei«by air containing 4 per cent, of CO3 (representing expired 
air) oonld be ciiculated over the granules, and could be cooled, heated, dried or saturated 
with moisture at any desired temperature. The experiments allowed of the following con- 
■clusions being reached, which are not without impori«nce to the designer of mine rescue 
-apparatus ; — 

(1) Too much at too little moisture in the wr to be purified is detrimental. The best 
« results were obtained when the fiapartioa ol moistnie was ap^ovziinately that 
carried by air saturated at temperatures between 60° 0. and 90° C. 
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(2) The beat raealto tot ftbMrptkm were obUined whMi the tiaiuBtor vu kept M » 

tcmpentim of 60" C. to 100° C. Below aod Above tkeae tempentona the 
•faMVpdoa effioieni^ fell <A npidl^^ Below 10° C. Kid »bove 100° C. the 
efflakaMjr wm extnuul; poor. 

(3) It i* «dvuAble to take naeMines to leonra good heat condootioo within ft reoeptaole 

in which thia obemioal motion ia gtnng do, bo aa to pnaerve, aa nearly aa poaaible, 
an even tempentnre in all paita. Othwwiae at eonie parte the action maj 
beeoiiie violent, with ooaaeqiKBt enwaaiTe rise of tamperatnie and atoppage of 
the reaction, while at othen, eapecially new the entnnoe opening, the tom- 
pccatnre ma; never riae anfflcicaUj hi{|^ to give good reeolta. 

(4) The partiolee ahonld be of a aiie and abape to give a fair anrfaoe of expoaore fw 

abeorption. Ezoeaaivelj Urge pleeee or atioka are tor Utia leaacHi to be avtnded. 
ftovided.tbe condjtlona aa to moisture and temperatuie are at their optima, 
howev^, there is no need to decrease the size d particle undoly in order to 
increaae the snrfaoe. Fcv example, given aaoh oonditiona, granulea 6 or 
7 mm. in diameter will, b; the awelling action deecribed below, be entirely 
fa almoet entirely need np. 

<6) The particlee muat be ao apaoed aa to give sufficient room tcs awelling. Ther» 
should be a greater volume of instergtitial space in a canister than of aotnal 
solid caustic soda. A disregard of this requirement leads to the coalesoence of 
the granules by swelling, and to the blocking of the air passages. This, in torn, 
may involve a greatly increased resiBtance, which is highly detrimental in 
lescne apparatus and which, at the same time, decreasee the availability of the 
caustic to the COj. 

(6) In the cironmstanceB giving the best absorption the caustic particles were alwaya 
found to have swollen, sometimes to three timee their original linear d im e n sions, 
and in many cases were found to be hollow inside. A granule begins it» 
active life by taking up a oonsido^ble amoont ot moistnie, and attains a plastic 
state. The action of CO, on such a body ia to coat it with a layer of spongy, 
diy oarbonato. The next effect is a penetration, by capillary attraction, of 
the tt^ caustic through the skin of spongy oarbonato, and a further attack 
by the G0| on the soda Uius brought within ite leaoh. The continoaaoe of 
the actiim leads to the formation <rf a carbcoiate shell with a hollow interior, 
and to a great increase in the apparent bulk of the particle. When absorption 
ia at its best, this action continues until there is no oauatio soda left behind ; 
in other oases until only a small granule of soda is left, apparently lying detached 
in a luger shell cd sodium carbonate. 

TteiniDC in OuiTiiw Ont Leakace Teiti. — We otmsider that rceoue men should be in- 
structed, as an essential part of their training, in the method of making the water immeraloa 
teat for leakage. At <»ie station with which we are acquainted the test is carried out aa (k 
part of the routine at every meeting during training and at the subsequent quarterly 
practices. The following is the system adopted at the station in question : — 

The apparatus are laid out or hung up ready, with the covers of the relief valves — if 
such covers are required — screwed on. 

Each member of the brigade removes from his apparatus the belts, straps and oovers- 
viuoh are not to be immersed and hangs them up or lays them aside. 

Tba captain then stands at one side of the portable water-bath, which should be larg& 
enoogb to inuneree all parts nd am apparatus at once ; the other members, each ourying 
his apparatus, line up in Indian file, facing one end of the bath ; the instructor or hia. 
assistant stands at tike other ^nd. 

The men pass the bath, one by one, at the side opposite the oaptain, each, with the- 
help of the captun, testtog hia appaiatna by immenion. 

When at the tank, a mem plugs the rubber mouthpieoe orifice with his thumb (not by 
a stopper thrust into the metal oiifioe) ; the captain turns on the oxygen, not«s the gauge, 
fills the bag by means of the by-pass, exercises a slight pressure on the bag by the hand, and ' 
then, but not until then, immerses the apparatus. The immeraion ahould not be deep^ 
but just qnongh to cover all parts. 

U a leak is seen, the inatmctor tells the man how to proceed to remedy it ; if reotificatim 
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IB not easy, aaother apptaatoB is Bubatitutod for the faulty one. After t, leak has been 
Attended to the spparatiu is again dipped. 

When an apparatus is observed to be tight, the man wipes it irith a cloth, refits the 
-covers, straps, etc., and pnte the apparatus on. 

With ths help of the instructor, the captain, last of all, tests his own apparatoB. 

The pack of the fresent-day liquid-air apparatos cannot he dipped. The above roatine 
has, vith that appaiatos, to be modified : the pack haa to he disoonnected and the bag 
inflated far the test by means of a hand-pump attached at iiie onoonpled joint. 

It is probably unnecessary to remark at this stage that every rescue mtm should be 
practised in the suction test. Though inadequate al<»ie, the sootion tost is a valuable 
auxiliary to the wator t«et. It is desirable to apply it, for ezamjiie, at an inbye fresh air 
base immediately before commencing any spell of work. 

Leakage Teit lor EtaaUMr. — In our Second Report, p. 39, we described two forms of 
equalizer designed to enable a man to perform muscular work while drawing air through a 
flexible hose. These appliances have been in constant use for several years in at least two 
Tcecne stations, where they are found preferable to the smokc-hehnet and they have no<r 
received official approval. Their advantagea are such that we think it likely that th^ will 
.slowly replace the smoke-helmet entirely. They have, however, one drawback, namely, 
-daring use there is negative pressure throughout the apf^oce. The amount of negative 
pressure is small in the pipe itself, but during a hard ins[aration it is serious enough, at 
-and near the mouthpiece, to make it essential that the apparatus should undergo a monthly 
leakage test. It is advisable that a written record of such tests should be kept at the 
station ocmine. 

The only method of test which at one and the same time detects the fact of leaka^, 
indicates the magnitude, and shows the position of the let^ is water-immersion. As 
the tube and the remainder of the appliance are usually carried separately, they may be 
tested separately, providing due care is used afterwards in making the joint between 
them. A simple way of testing the equalizer and mouthpiece is to inflate the tubes and 
hi^ (if any) by the lungs, the thumb being kept over the mouthpiece orifice, and then to 
-dip them in the hath. The hoae is conveniently t«sted by attaching a smoke helmet bellows 
to one end, plugging the other, and then exercisii^ Mr pressure when the whole tube is 
'lying in water. The coils should be moved about in the water during the test. 

Amhnknoe Booms. — We are glad to be able to publish drawings {Fig. 21) of the Red 
-'Cross room and motor-house at the Brodsworth Main Colliery, near Soncaster, constracted 
' in compliance with a regulation based upon a recommendation of ooi First Report. Most 
of the admirable features of the room are clear from the drawii^. A good point is the isola- 
tion of the room ; it is not built on to other sheds in which machinery may be wmfcuig. 
It is clear that the comfort of the injured as welt as of the rescue brigades has been carefully 
i studied. 

Ponty ol OzTSBn In Crlinden whiok han beoi HydraolieBnT Taitsd.— As more than 
<me superintendent has realised, there is espeoi^ need to he on guard against impure csygen 
' when a storage cylinder cetnms to the station after having been annecJed and hydianlioally 
teet«d. There is no guarantee that the cylinder was wa«hed-out with oxygen after the 
water was emptied from it and b^ote it was charged with oxygen. If that precaution 
was not taken, there will be an additional 0'60 per cent, of nitn^n in the oxygen a* 
isupjdied, owing to air having filled the cylinder at atmospheric pressure. 
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